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MECHANICS 


*  Remarks  on  Machinery  in  General. 

X.  IMechanics,  according  to  the  original  import  of  the  word* 
treats  of  the  energy  of  Machines :  and  thefe  machines  are  nor- 
thing mote  than  organa^  or  tools,  interpofed  between  the  work* 
.  man  or  natural  agent  and  the  tafk  to.be  accompliihed,  in  order 
to  render  that  work  capable  of  being  performed,  which  under 
the  limits  and  circumftances  propofed  would  have  been  difficult, 
if  not  impoiTible^  without  the  intervention  of  fome  of  thefe  con- 
trivances. 

Machines  are  interpofed^  as  was  remarked  (art.  379.  vol.  i.\ 
chiefly  for  three  reafons.  i.  To  accommodate  the  direfiion  of 
the  moving  force,  to  that  of  the  refiflance  which  is  to  be  over* 
come.  2.  To  render  a  power  which  has  a  fixed  and  certain 
velocity  efficacious  in  performing  work  with  a  different  ve- 
locity; 3-  To  enable  a  natural  power,  having  a  certain  do* 
terminate  intenfityi  to  balance  or  to  overcome  another  power  or 
obftacle,  whofe  intenfity  or  refiflance  is  greater.  Each  of  thefe 
purpofes  may  be  accompliihed  in  different  ways  :  1.  e>  either  by 
machines  which  have  a  motion  round  fome  fixed  and  fupported 
point,  as  the  lever,  the  pulley,  and  the  wheel  and  axle  \  or  by 
thofe  which,  inflead  of  being  fupported  by  a  fixed  pointy  about 
which  they  move,  furnifh  to  the  refiflance,  or  body  to  be  moved, 
a  folid  patn,  along  which  it  is  impelled,  as  the  inclined  plane, 
the  wedge,  and  the  fcrew*  Compound  machines  are  peculiar 
combinations  of  thefe  fix,  of  which  we  have  treated  individually 
in  the  iirfl  book  of  our  firfl  volume:  fome  remarks  likewife 
upon  their  combination  have  been  given  in  Book  I.  Chap.  IV* 
art.  161.  and  Book  II.  Chap.  VI.  And  we  haVe  treated  of  the 
ftrength  of  the  materials  of  which  machines  may  be  compofed,  in 
Book  I.  Chap.  V.  Such  farther  obfervations  as  appear  nccefTary 
to  complete  a  theoretical  and  praftical  knowledge  of  Machinery 
Ui  general,  previous  to  our  alphabetical  defcription  of  particular 
machines^  will  now  be  prefented  to  the  ftudcnt, 
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8  MECHANICS- 

2>  Simplicity  in  the  conftru^iion  of  machines  cannot  be  too 
warmly  recommended  to  the  young  engineer :  for  multiplicity 
of  parts  and  of  motions  xncreafes  the  expence  of  eredion, 
augments  the  fri£iion,  and  mplt;iplies  the  danger  of  failure  by 
the  bending  or  by  the  inaccurate  adjuftment  of  the  parts.  In 
fconfequence  of  the  efFe<^s  of  fri£iion  (of  which  we  ihall  fpeak 
more  fully,  art.  24,  &c.),  it  is  well  known  to  all  engaged  in  the 
pra&ice  of  mechanics,  that  by  no  combination  ot  wheels,  or 
levers,  or  other  powers,  can  one  weight  be  made  to  move  an- 
other with  a  greater  or  even  an  equal  momentum :  and  by  the 
multiplication  of  wheels,  levers,  3cc.  the  efFeGt  of  the  macnines 
inftead  of  being  increafed,  is  dimini(hed  in  proportion  to  the 
augmented  frioiion  of  the  moving  parts.  Hence  it  follows  that 
in  pra£lice,  eWeSt  is  loft  by  mechanical  combination,  but  gained 
by  fimplification }  and  that  the  moft  perfe£^  machine  is  that 
which  operates  by  the  fcweft  moving  parts.  In  order  to  con- 
trive a  fimple  machine  to  be  theoretically  equivalent  in  power  to 
a  complex  one,  the  following  rule  may  be  obferved  :  Conftnid 
the  various  parts  of  the  Ampler  machine  fo  that  the  velocity  of 
the  impelled  point  (art.  365.)  {hall  be  to  that  of  the  working 
point,  in  the  fame  ratio  as  they  are  in  the  compound  machine  | 
then  will  the  effedis  of  thefe  two  machines  be  the  fame,  fo  far  as 
depends  upon  pure  theory  :  but  in  praAice  the  fimpler  will  be 
the  more  efficacious,  in  confequence  of  the  diminution  of 
fridiion. 

3.  For  an  example,  fuppofe  the  compound  machine  fig.  i. 
pi.  II.  were  to  be  propofed,  in  order  that  a  more  fimple  one 
might  be  conftruded  to  perform  the  fame  work.  Let  CA,  the 
lever  to  which  the  power  is  applied,  be  i  o  feet,  DE  five  feet  in 
diameter,  EF  =  2  feet,  HI  =  3  feet,  GH  =  5  feet,  and  KL= 
I  foot,  the  latter  being  the  cylinder  on  which  the  rope  raifing 
the  weight  W  folds.  Now  the  diameter  of  the  circle  defcribeq 
by  the  power  at  A  is  20  feet :  and  to  find  the  diameter  of  the 
circle  whofe  circumference  is  equal  to  the  fpace  pafied  over  by 
W  in  one  revolution  of  the  lever  CA,  reduce  the  following  frac- 
tion, viz.  ^'(,X'l^x ^=  -i^  X  i  X  I  =  V^ of  2  AC  ;  confe- 

quently  the  velocity  of  the  weight  is  Vt  ^^  ^^^^  °f  ^^^  power. 
And  hence,  if  upon  the  vertical  axis  CM  (fig.  2.  pi.  II.)  a  wheel 
be  fixed  the  diameter  k  /  of  which  is  equal  to  4^  feet  (that  is,  ^ 
of  2  AC),  the  weight  W  will  be  raifed  the  fame  height  by  the 
fimple  as  by*  the  compound  machine,  at  every  revolution  of  thct 

fjower  A.  So  that,  the  fimple  machine  ACMi/,  will  be  at 
eaft  equal  in  effeft  to  the  compound  one  ACMDEFGHIKL, 
and  the  wheels  D£,  £F,  GH,  Hi,  and  KL,  are  extraneous,  and 
probably  prejudicial. 


Simplification  of  Machinery,  3 

4.  For  another  example  take  the  following.  In  the  common 
\7heel  and  axle,  the  advantage  gained  is  in  the  ratio  of  the  radius 
of  the  winch  to  that  of  the  barrel :  fo  that  when  it  is  propofed  to 
increafe  that  advantage,  either  the  handle  muft  be  lengthened, 
or  the  diameter  of  the  axle  diminiihed  \  neither  of  which,  how* 
ever,  is  praflicable  beyond  certain  limits,  becaufe  the  handle 
might  be  too  long  for  convenient  management,  or  the  axle  coo 
(lender  to  fupport  the  load  :  in  fuch  cafes  it  is  ufual  to  annex 
another  wheel  and  pinion,  or  a  tackle  of  pulleys.  But  the  fol- 
lowing conftru&ion  is  greatly  preferable.  In  fig.  7.  pi.  I.  the 
part  A  of  the  barrel  is  larger  than  the  part  B,  and  the  rope 
which  pafles  under  the  pulley  C  and  funains  the  weight  D  is 
wound  upon  each  in  contrary  dire£liohs.  Whenever,  therefore, 
the  handle  EF  is  turned,  fo  as  to  gather  the  rope  upon  the  larger 
cylinder,  it  will  be  given  off  by  the  fmaller :  and  for  every  tun^ 
of  the  larger,  or  its  correfpondent  portion  of  rope  wound  up, 
there  will  be  given  off  a  portion  of  rope  ahfwering  to  the  circumr 
ference  of  the  fmaller.  Confequently,  the  quantity  of  unwound 
rope  will  be  lefs  after  fuch  a  turn,  by  a  portion  equal  to  the 
difference  between  the  circumferences  of  the  two  cylinders;  . 
and  the  weight  D  will  be  raifed  through  half  that  fpace. 
Whence,  fince  the  radii  of  circles  are  as  their  circumferences, 
we  may  ufe  this  analogy : 

As  the  radius  of  the  winch. 
To  half  the  difference  of  the  radii  of  the  cylinders ; 
So  is  the  weight. 
To  the  power  balancing  it. 

In  (ig.  8.  IS  exhibited  a  fimple  capftan  in  which  the  fame  con- 
trivance is  adopted.  Here,  if  the  upper  barrel  A  were  1 7  inches 
diameter,  and  the  lower  B  16  inches,  the  pulley  C  being  alfo 
16  inches  diameter ;  it  will  be  obvious  that  this  fimple  capilan 
win  be  equivalent  to  an  ordinary  capilan  of  the  fame  length  of 
bar  EF,  and  diameter  of  barrel  B,  combined  with  a  16- fold 
tackle  of  pulleys ;  and  at  the  fame  time  free  from  the  great  lofs 
by  fridion  and  bending  of  ropes,  which  would  abfotb  at  lead  a 
third  of  the  power  of  a  16-fold  tackle. 

One  peculiar  advantage  of  this  engine  is,  that  the  half  differ- 
ence of  the  radii  of  A  and  B  may  be  diminifhed  ad  libitum^  with- 
out weakening  the  cylinder,  increafing  the  friftion,  or  requiring 
any  rapid  curvature  of  the  rope.  This  windlafs  has  likewife  the 
peculiar  property  of  holding  the  weight  at  any  part  of  its  rife 
or  fall  without  needing  a  ratchet  wheel  and  catch.  Its  only 
pradtcal  difadvaQtage,  that  a  great  quantity  of  rope  muft  be 
ufed  to  produce  a  moderate  change  in  tne  pofition  of  the 
weight ;  but  the  quantity  of  rope  will  be  much  lefs  than  what 
is  requifitc  for  an  equivalent  tackle  of  pulleys.     This  ingenious 

B  2 


4  MECHANICS. 

contrivance  is  generally  afcribed  to  the  celebrated  Gnrgi 
Eckhardt ;  and  he  probably  invented  it  without  knowing  that 
it  had  been  ufed  elfewhere :  but  we  have  feen  a  figure,  from 
which  our  figure  8.  is  merely  a  copy,  in  fome  Chinefc  drawings 
of  nearly  a  century  old. 

5.  The  methods  of  communicating  motion  from  one  thing  to 
another,  or  from  one  point  to  another,  are  almoft  infinitely  di- 
.verfified  :  fo  that  it  will  not  be  cxpe£tcd  that  they  (hould  all  be 
defcribed  here.     It  is  manifeft  tliat  the  communication  of  mo* 
-tion  will  in  different  circumflances  be  better  efFefted  by  means 
x>f  one  fimple  machine  (or,  as  they  are  ufually  called,  mecha- 
nical power),  than  by  another  j  and  much  of  th^  flciH  of  the 
engineer  confifts  in  choofing  the  inftrument  moft  proper  for  the 
purpofe  propofed  :  and  the  fame  will  be  the  cafe  with  regard  to 
more  complex  machines.     In  fome  inflances  a  fimple  lever,  or 
a  fimple  unbent  cord,  will  anfwer  better  than  dny  combination : 
in  others  it  may  be  highly  advantageous  to  ufc  a  combination  of 
levers  aAing  upon  each  other,  by  means  of  fo  many  fulcra ;  and 
by  thefe  the  direSlon  may  be  changed  at  pleafure  :  in  others,  as 
when  motion  is  communicated  to  a  feries  of  wheels  and  axles  in 
fucceflion,  it  may  be  efFe£l:ed  by  a  rope  running  in  grooves 
round  one  wheel  and  the  fucceeding  axle  ;  or  by  what  was  de- 
fcribed in  vol.  I.  art.  246.  under  the  name  of  tooth  and  pinion 
work :  in  others  again,  by  a  barrel  and  winch  Vinth  an  endlefs 
fcrew,     And  many  other  contrivances  will  readily  fuggeft  them- 
felves  to  an  ingenious  artift. 

6.  But  fuch  fimple  methods  cannot  always  be  adopted.  Thus 
3vhen  it  is  required  by  means  of  a  rotatory  motion  to  produce  a  reci- 
procating one^  as  the  alternate  motion  of  the  piftons  of  pumps, 
for  example ;  one  of  the  following  contrivances  may  be  ufed. 
To  a  vertical  (haft  as  AP  (fig.  6.  pi.  II.)  fix  a  large  norizomal 
wheel  MOIL,  the  lower  part  of  which  is  indented  in  waves 
MSO,  OQI,  &c.  of  which  the  conftituent  arches  are  either 
circular  or  parabolic.  On  a  convenient  point  D  of  an  upright 
poft  as  a  centre  of  motion,  let  a  lever  EDC  move ;  one  end  of 
it  carrying  the  moveable  vertical  wheel  CR,  in  fize  properly 
adjuded  to  the  waves  of  the  horizontal  wheel;  the  other  EF 
being  a  circular  arc  to  which  is  applied  the  chain  EG  of  tiic 
pump.  Then  whilft  the  great  wheel  is  turned  by  the  lever  N  A 
from  O  towards  I,  the  wave  Qjprefles  down  the  wheel  QR, 
and  raifes  the  end  E  of  the  lever,  and  thus  draws  up  the  water 
in  the  pump  G.  But  when  the  deepeft  part  O  of  the  wave  is 
pad  the  higheft  part  of  the  wheel  CR,  the  wheel  rifes  up  into 
the  hoUow  S,  and  Xo  the  chain  EG  defcends  till  the  next  wave 
raifes  it  again.  I'hus  the  paflage  of  every  wave  by  the  wheel 
f  R  caufes  a  firoke  of  the  pump.  If  the  number  of  waves  be 
ct/ij  and  another  pump  wheel  aad  lever  be  placed  diametrically 


Reciprocathtg  and  Rotator^  Afoifcns,  i 

oppofite  on  the  other  fide  of  the  great  wheel ;  then  thefe  two 
levers  a£ting  by  turns^  will  keep  uie  motion  tolerably  uniform^ 
and  the  power  at  N  will  have  nearly  a  uniform  a<^ion.  The 
wheel  CR  is  introduced  for  the  fake  of  foftening  the  fri^ion  : 
but. it  muft  be  carefully  adjufted  to  the  magnitude  of  the  waves^. 
or  elfe  the  motion  will  be  hobbling  and  irregular.  On  tliis  ac* 
count  the  following  method  of  obtaining  a  reciprocating,  motion 
Is  more  ufuaL 

Inftead  of -making  the  axis  AB  (fig.  3.  pi.  JT.)  in  one  con« 
tinued  ftraight  line,  let  it  be  bent  at  right  angles  in  the  points 
dj  e^figf  hi  &c.  fo  that  the  portions  efy  gh^  fliall  be  parallel 
to  ABy  and  in  the  courfe  of  a  rotation  of  the'  lantern  or  trundle 
£F,  they  will  defcribe  cylindrical  furfaces :  if,  then,  piftoos  and 
their  handles  I  ^,  I  ^,  be  hung  upon  the  qranks  I,  I,  as  the  ro^ 
tatory  motion  of  the  trundle  EF  (when  worked  by  another 
wheel)  proceeds,  the  piflons  are  alternately  forced  up  and  down 
in  the  pumps ;  and  thus  make  one  complete  llroke  .of  each 
pump  for  every  turn  of  the  lantern*  It  will  be  advifable  to  place 
pulleys  or  rollers  at  /r,  ^,  a^  b,  for  the  handles  or  chains  to  work 
againft,  when  the  obliquity  of  the  motion  of  the  cranks  I,  I, 
carries  them  out  of  the  vertical  pofition. 

Other  methods  of  obtaining  reciprocating  by  means  of  cir^ 
cular  motions  may  be  feen  under  the  articles  Air-pump  audi 

7.  Ti  produce  a  rotatory  motion  by  means  of  a  reciprocating  oncm 
Suppofe  it  is  required  to  give  to  the  wheel  S  VTO  (fig.  4.  pi.  II.  J 
a  rotatory  motion^  about  the  centre  C  In  the  plane  of  the 
wheel,  attach  to  a  fixed  point  F  as  a  centre  of  motion  a  lever 
FQs  which  may  move  freely  up  and  down :  let  a  pin  be  fixed 
in  tEe  wheel  as  at  R ;  and  let  an  inflexible  bar  QR  hang  upon 
the  pin  at  R  at  one  end,  wl\ile  the  other  end  is  attached  to  the 
lever  FQby  a  ftirrup  \  the  motion  being  quite  eafy  at  both  ends. 
Then,  wEile  the  point  Q^is  raifed  upwards  the  bar  pulls  up- 
wards the  pin  R,  and  fo  continues  to  do  until  the  points  Q,  Ry 
and  C)  fall  in  a  right  line  ;  at  that  time  the  eiFort  of  the  bar  to 
turn  the  whe^l  is  nothing ;  but  the  wheel  by  its  anterior  rotation 
has  acquired  a  quantity  of  motion  which  will  carry  it  on  in  the 
fame  direftion,  till  by  the  downward  motion  of  the  extremity 
Qof  the  lever,  the  bar  begins  to  pujb  forward  the  pin  to  which 
it  IS  attached  :  thus  the  motion  is  continued  till  the  points  O, 
C,  and  R,  are  again  in  a  right  line,  R  being  now  the  fartheiC 
from  Qj  in  this  pofition  the  bar  has  no  tendency  t;o  move  the 
wheel  along;  but  here  the  effort  of  momentum  continues  the 
motion,  as  before,  till  the  bar  begins  to  draw  the  point  R  up- 
wards. ,  And  thus  a  reciprocating  motion  of  the  lever  FR  gives 
a  complete  rotation  to  the  wheel  j  and  the  velocity  of  the  cir- 
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cumfereiice  of  the  wheel  may  be  made  as  rapid  as  we  pleafi;, 
by  making  the  diftance  CR  fo  much  the  fmaller  in  comparifon  of 
CV.  If  the  lever  FQbe  below  the  wheel,  the  general  effe£l 
will  be  the  fame,  but  the  particular  circumftances  of  the  motion 
will  fucceed  each  other  in  a  contrary  order.  In  pradice  it  is 
common  to  fubftitute  for  the  pin  at  R  the  handle  of  a  bent 
winch,  as  reprefented  by  the  dotted  lines  in  the  figure.  It  is  not 
abfolutely  ncceflary  that  the  lever  and  wheel  (hould  be  in  the 
fame  plane  ;  but  deviations  from  it  are  not  often  to  be  recom- 
mended, except  in  fmall  machinery,  fuch  as  a  common  fpin« 
ning  wheel  worked  by  the  feet,  &c.  When  it  is  not  required  to 
have  a  complete  rotation  of  the  wheel,  for  every  afcent  and 
defcent  of  the  lever  FQ,  we  may  change  the  relation  of  the  two 
motions  in  any  proportion,  by  the  intervention  of  tooth  and 
pinion  work, 

8.  T!?  defcribe  a  re^ilinear  reciprocating  motion^  by  means  of  an 
angular  or  circular  reciprocating  motion.  Let  it  be  propofed,  for 
example,  to  move  the  end  F  of  the  beam  FH  to  and  fro  in  the 
line  EC.  Fix  a  beam  AB  (fig.  9.  pL  I.)  perpendicularly  to  the 
given  line  EC,  and  cut  in  that  beam  a  groove  CD  equal  in  length 
to  the  beam  FH  :  let  the  end  H  of  the  beam  FH  be  confined  by 
a  pin  to  run  along  the  groove  CD  ;  and  let  two  other  pins  be 
fixed,  one  at  G  the  middle  point  of  the  beam  FH,  the  other  at 
C  the  lower  point  where  the  reciprocating  motion  of  the  point  F 
terminates :  take  an  iron  bar  CG  equal  in  length  to  half  FH^ 
and  let  it  move  upon  the  pins  C  and  G  as  joints.  Then  while 
the  end  G  of  the  bar  or  guide  CG  moves  through  the  quadrantal 
a,rc  L  ^  GK ;  the  point  H  of  the  beam  will  Aide  along  the  groove 
from  D  to  C,  and  the  point  F  along  the  line  C£  from  C  to  £  : 
and  when  the  guide  returns  from  K  by  G  to  L,  the  end  F  of 
the  beam  will  return  along  the  line  EC.  For,  when  CG=GF 
=  GH,  fuppofing  a  line  drawn  from  C  to  F,  the  angle  YGQ^ 
GCH+GHC=2  GCH  ;  and  CGH  =  GCF+GFC=:  2  GCF. 
Hence  we  have  2  GCF  +  2  GCH  =  FGC  +  HGC  =  2  right 
angles,  and  confequentljr  GCF+GCH=HCi?=i  right  angle: 
that  is,  the  point  F  falls  in  a  right  line  drawn  through  C  at  nght 
angles  to  CD.  And  when  FH  is  in  any  other  pofition^  as/i^i 
tfce  fame  may  be  (hewn. 

9.  To  communicate  motion  in  any  direBion  by  tuheeh^  and  to  con^ 
JtruB  the  nvheelifor  that  purpofe.    This  may  be  done  by  placingr 

the  wheels  fo  that  their  fhafts  or  axles  ihall  be  inclined  in' 
given  angles,  as  reprefented  in  figs,  i  and  7.  pi.  III.  And  in 
tills  cafe  the  wheels  are  feldom  portions  of  cylinders,  but  moft 
commonly  portions  of  cones.  When  the  wheels  do  not  make 
an  angle  of  Qo"",  the  adjuftment  of  the  {hape  and  magnitude  of 
the  conic  fruftums  which  conftitute  the  wheelf>  is  known  amonj^ 


xnillwri^ts  tjy  the  name  of  bevel-^eer  work ;  a  cphcife  account 
of  whidi  is  Kere  added.  If  two  cones  A  and  B  (fig.  2.  pi.  III)^ 
whofe  ftirfaces  always  touch  in  a  right  line^  zs  ae^  revolve  on 
their  axes  ab^  ac^  rolling  the  one  upon  the  other  \  and  if  this 
bafes  and  altitudes  of  thefe  cones  be  equal»  they  will  perform 
complete  revolutions  in  one  and  the  fame  time.  For  finCe  the 
bafes  and  altitudes  are  equal,  circles  on  either  cone  parallel  to 
the  bafe,  and  at  equal  dif^inces  frolh  the  vertex,  as  the  diftanceg 
tf  2,  aZy  for  inftance,  will  be  equal :  and  therefore  while  the 
furfaces  of  the  cones  roll  one  upon  another,  every  point  in  the 
circumference  of  one  of  thefe  circles  will  be  brought  fuccef* 
fively  into  contad  with  a  correfponding  point  on  the  ciccum.* 
ference  of  the  other,  and  they  will  both  have  revolved  in  an 
equal  time.  The  fame  will  hold  of  the  correfponding  circles 
at  any  other  equal  diftances  from  the  vertex,  0  i,  a  3,  ^14,  &c, 
and  confequcntly  the  two  cones  wil^  ^  /form  their  rotations  in 
equal  times. 

Again,  if  the  cone  ade  (fig.  3.  pi.  IIL)  have  the  diameter 
of  its  bafe  double  that  of  the  cone  a  ^^  while  their  flant  heights 
are  the  fame ;  and  if  thefe  two  cones  turn  on  their  axes  ac^ah^ 
their  furfaces  during  the  rotation  always  touching  one  another 
in  a  right  line ;  then,  fince  the  circumference  of  the  bafe  de  \% 
double  that  of  the  bale  df^  and  the  circumference  of  every  cir* 
cular  fefbion  parallel  to  the  former  bafe,  double  that  of  every 
conefponding  fe£iion  parallel  to  the  latter  bafe,  it  follows  that 
Mflien  the  cone  afd  has  performed  one  rotation,  the  cone  ade 
will  have  made  but  half  a  rotation^.  The  times  of  rotation 
being  in  the  ratio  of  their  bafes. 

In  like  manner,  if  the  cone  aed^  (fig.  4.  pi.  III.)  have  the 
diameter  of  its  bafe,  to  the  diameter  of  the  bafe  of  a  df^  as  m 
to  n^  the  flant  heights  being  the  fame  ;  and  if  thefe  cones  turn 
upon  their  axes  ac^  'ah^  their  furfaces  being  always  in  contad 
in  fome  right  line  2!^  ad\  then  will  the  time  of  a  complete  ro- 
tation of  the  cone  aedy  be  to  the  time  of  rotation  of  a  df,  as 
tnton  s  and  confequently  the  number  of  rotations  of  the  former 
cone  to  the  number  of  rotations  of  the  latter  in  any  given  time, 
as  n  to  m.  And  if  thefe  cones  were  fluted,  the  flutes  diverging 
continually  from  the  apex  a  to  the  bafe  they  would  become  co- 
nical wheels,  and  conftitute  bevel-geer. 

10.  Thus,  if  B  ^  and  B  d  (fig.  5.  pi.  IIL)  be  the  bafes  of  two 
cones  turning  on  their  axes,  having  teeth  cut  in  them  diverging 
from  the  comi^on  vertex  A  to  thofe  bafes,  fuch  teeth  will  work 
freely  into  one  another  from  one  end  to  the  other :  but,  as  fuch 
teeth  would  be  very  difficult  of  adjuftment  towards  the  point  A, 
ftud  becaufe  in  practice  the  two  axes  could  not  both  be  properly 
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fixed  to  one  and  the  fame  point;  It  is  neceflary  to  cut  off'a'' 
portion,  as  AFE,  from  the  upper  part  of  .both  cones,  and  apply 
the  axles  to  the  lower  parts  in  the  fame  manner  as  in  common 
wheels*  The  great  advantages  of  thefe  conical  wheels  are,  that 
their  teeth  may  be  made  of  any  breadth,  according  to  the  ftref^ 
they  are  to  fuuain ;  and  that  tne  fri£tion  will  be  Imall  in  com* 
parifon  of  that  occafioned  by  moft  other  methods  of  com* 
municating  motion  in  oblique  diredions. 

1 1.  Now,  to  determine  the  dimenftom  of  two  conical  nvbeels,  t§ 
communicate  motion  in  any  oblique  angle  f  the  following  graphic  method 
maybe  ufed.  Suppofe  ab  (fig.  6.  pi.  III.)  to  reprefcntthc  (haft 
Or  axle  of  one  wheel,  and  de  the  axle  of  another  wheel,  the 
angle  x  in  which  they  interfed  each  other  being  equal  to  the 
angle  in  which  the  motion  is  propofed  to  be  communicated  :  let 
it  be  required  for  the  fliaft  rf^  to  revolve  m  times  while  the  ftiaft 
»  b  revolves  n  times  ;  and  let  the  line  i  i  be  drawn  parallel  to  de 
at  a  diftance  equal  to  the  radius  of  the  bafe  of  the  wheel  whofe 
axle  is  de.  Then  draw  a  line  kk  parallel  to  a^,  and  at  a  diftance 
yg  from  it,  which  Ihall  be  to  the  diftance  yhzi  tn  to  n  :  through 
X  the  point  of  interfeftion  of  the  lines  firft  propofed,  and  y  the 
interfeftion  of  the  two  lines  i  /',  k  i,  refpeftively  parallel  to  the 
two  former,  draw  the  line  xyw^  which  will  be  the  pitch  line  o£ 
the  two  conical  wheels,  or  the  line  in  which  the  teeth  of  thofe 
wheels  ad  upon  one  another;  and^^,  hy  will  reprefent  the 
exterior  radii  of  the  wheels,  which  will  work  one  againft  the 
other  after  the  manner  fliewn  in  fig.  7.  where  the  correfpond- 
ing  parts  are  marked  by  the  fame  letters.  A  third  ihaft  and 
wheel  may  eafily  be  applied  to  communicate  motion  in  a  dif- 
ferent dire£lion  from  either  of  the  former :  as  the  ihaft  and 
wheel  r St v'ln  fig.  7. 

It  is  manifeft  from  Midiat  is  done  above,  that  this  is  nothing 
more  than  to  divide  an  angle  bxh  into  two  parts  whofe  fines 
Ihall  have  a  given  ratio  oi  m  to  n :  a  welUknown  problem) 
which  folved  algebraically  gives  the  theorem,  2  fin.  ig9cy:= 

2  fin.  ig  X  h  .  -^^-^  {Simp/on*s  Sele£f  Exercifes^  pa.  138O.    S# 

that  all  which  is  require^  here  may  be  eafily  calculated  by  the 
common  rules  of  plane  trigonometry ;  and  thus  the  accuracy  of 
the  conftru£tion  may  be  eftablifiied. 

12.  Univerfal joints  (invented  by  Dr.  Hooke)  are  fomctimes 
ufe'd  to  communicate  motion  obliquely,  inftead  of  conical 
wheels.  Fig.  8.  pi.  III.  reprefents  a^«^/f  univerfal  joint  which 
may  be  employed  where  the  angle  does  not  exceed  40  degrees, 
jsind  wh^n  the  fliafts  are  to  move  with  equal  velocity.  The 
(Iiafts  A  and  B  being  both  connected  with  a  crofs,  will  move  on 
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&e  rounds  at  the  points  CE  and  t)F,  and  thus  if  the  (baft  A  is 
turned  round,  the  ^aft  B  will  likewife  turn  with  a  fimilar  mo«^ 
tion  in  its  refpefbive  poiition. 

The  double  univerial  joint  (fig.  9.  pi.  III.)  conveys  nDotion  in 
dtfibrent  diredions  when  the  angle  is  between  50  and  90  dc- 

Sees*  It  is  at  hberty  to  move  on  the  rounds  at  the  points  G| 
,  I,  K,  conne£ied  with  the  (haft  B ;  alfo  on  the  points  L,  M, 
N,  T,  conneded  with  the  fhaft  A :  thus  the  two  fhafts  are 
fo  conne£^ed  that  one  Cannot  turn  without  caufing  the  other  to 
torn  likewife.  Tl^efe  joints  may  be  condrufbed  by  a  crois  of 
iron,  or  with  four  pins  faftened  at  right  angles  upon  the  circum- 
ference of  a  hoop  or  of  a  folid  ball :  they  are  of  great  ufc  in 
cotton-millsy  where  the  tumbling  {hafts  are  continued  to  a'  great 
diftance  from  the  moving  power :  for  by  applying  a  univerfal 
joint,  the  fliafts  may  be  cut  into  convenient  lengths^  and  fo  h€ 
enabled  to  overcome  a  greater  refiftance. 

13.  Wbfu  the  f I  umber  (f  teeth  in  each  oftw9  wheels  is  given  y  attJ 
the  (kameisr  of  one  of  them,  the  diameter  of  the  other  fbould  he  fa 

found  that  one  ivheei  may  drive  the  ether  without  fbaking  :  and  for 
this  purpofe  there  will  be  a  different  proportion  of  diameters  or 
of  radii,  according  to  the  number  of  teeth  which  are  to  be  in 
conta?^.  Let  ADE,  BDK  (fig.  10.  pi.  III.)  reprefcnt  por- 
tions of  the  wheels^  C  the  point  where  the  teeth  ought  firft  to 
come  into  contad  :  draw  CD  perpendicular  to  AB  the  right  line 
joining  the  centres  of  the  wheels  ;  and  if  this  be  reckoned  tlic 
radius^  CB  will  be  the  fecant  of  the  angle  DCB,  and  AC  the 
fecant  of  the  angle  DC  A.  Confequently,  CB  :  CA  :  :  fecant 
J3CB  :  fecant  DCA  : :  cofec.  DBC  :  cofec.  DAC.  But,  the 
number  of  teeth  in  each  wheel  being  given,  the  angles  DBC, 
DAC,  vary  as  half  the  number  of  teeth  in  contaft.  'I'hcrefore, 
divide  the  arch  of  the  femicircle,  or  180  degrees,  by  half  the 
number  of  teeth  in  each  wheel,  and  proportion  the  radii  of  tiio 
wheel  to  thc/cofecants  of  the  quotients,  or  of  double,  or  of  treble 
the  quotients,  according  to  the  depth  of  the  wheels  running, 
viz.  according  as  they  are  to  have  two,  four,  or  fix  teeth,  in 
contact ;  fo  ihall  the  motion  be  regular  and  free  from  Shaking. 

Inr  art.  147.  of  the  firft  volume,  we  delcribed  the  beft  forms 
for  the  teeth  of  wheels :  in  many  cafes,  however,  a  fmull  de- 
viation from  thefe  perfect  forms  ia  not  of  great  importance: 
But  in  cafes  where  the  utmofl  accuracy  is  required,  as  in  the 
pallets  of  clocks  and  watches,  the  fohu  of  the  teeth  muft  be 
carefully  attended  to. 

14.  T^o  regulate  any  motion  and  make  it  uniform^  one  of  the  moft 
obvious  methods  it  that  by  means  of  a  pendulum  aud  fcapement. 
Thus,  (fig.  5.  pi.  II.)  as  the  pendulum  AB  vibrates,  it  caufes 
EFP  to  vibrate  alfo,  about  the  axia  FG  :  whilll  the  pendulum 
fibrates  towards  D  a  tooth  of  tljc  wheel  KL  goe$  oJ  the  pallet 
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I,  and  anbther  catches  the  pallet  H  :  and  when  the  penduldi)! 
returns  toward^  C^  it  draws  the  pallet  H  off  the  tooih,  and  an- 
other catches  the  pallet  I ;  ahd  fo  on  alternately.  So  that,  at 
every  yibration  of  the  penduluniy  a  tooth  goes  off  one  or  other 
of  the  pallets :  and,  as  the  vibrations  of  the  pendulum  are  ifo- 
chronous,  the  teeth  move  from  the  pallets  unifonnly»  the  whole 
rotation  of  the  wheel  KL  is  made  regularly,  and  by  reafon  of  the 
connection  of  the  teeth  and  pinions  the  defcent  of  W  is  uni- 
form, which  would  otherwife  have  been  accelerated. 

15.  Profeffor  Robifon  has  given  fome  general  obfervations  on 
tlie  conflrudtion  of  machines,  and  on  the  regulating  of  their 
motions,  which  appear  highly  worthy  of  the  reader's  attentionj 
and  are  therefore  extra&ed,  as  below. 

^*  When  heavy  dampers  are  to  be  raifed,  in  order  to  drop  on 
the  matters  to  be  pounded,  the  wipers^  by  which  they  are  lifted 
{hould  be  made  of  fuch  a  form,  that  the  ftamper  may  be  raifed 
by  a  uniform  preffure,  or  with  a  motion  almoft  perted:ly  uni- 
form. If  this  is  not  attended  to,  and  the  wiper  is  only  a  pin 
flicking  out  from  the  axis,  the  {tamper  is  forced  into  motion  at 
once.  This  occafions  violent  jolts  to  the  machine,  and  great 
(trains  on  its  moving  parts  and  their  points  of  fupport ;  whereas 
when  they  are  gradually  lifted,  the  inequality  of  defultory  motion 
is  never  felt  at  the  impelled  point  of  the  machine.  We  have 
feen  piitons  moved  by  means  of  a  double  rack  on  the  pifton-rod. 
A  half  wheel  takes  hold  of  one  rack,  and  raifes  it  to  the  required 
height.  The  moment  the  half  wheel  has  quitted  that  fide  of 
the  rack,  it  lays  hold  of  the  other  fide,  and  forces  the  pifton 
down  again.  This  is  propofed  as  a  great  improvement ;  cor- 
recting the  unequable  motion  of  the  pifton  moved  in  the  com- 
mon way  by  a  crank.  But  it  is  far  inferior  to  the  crank  motion. 
It  occafions  fuch  abrupt  changes  of  motion,  that  the  machine  is 
fliaken  by  jolts.  Indeed  if  the  movement  were  accurately  ex« 
ecuted,  the  machine  would  be  fhaken  lo  pieces,  if  the  parts  did 
not  give  way  by  bending  and  yielding.  Accordingly,  we  have 
always  obferved  that  this  motion  foon  failed,  and  was  changed 
for  one  that  was  more  fmooth.  A  judicious  engineer  will  avoid 
all  fuch  fudden  changes  of  motion,  efpecially  in  any  ponderous 
part  of  a  machine. 

When  feveral  Hampers,  piftons,  or  other  reciprocal  movers, 
are  to  be  raifed  and  depreiTed,  common  fenfe  teaches  us  to 
diflribute  their  limes  of  action  in  a  uniform  manner,  fo  that  the 
machine  may  always  be  equally  loaded  with  work.  When  this 
is  done,  and  the  obfervations  in  the  preceding  paragraph  attended 
to>  the  machine  may  be  made  to  move  almoft  as  fmoothly  as  if 
there  were  no  reciprocations  in  it.  Nothing  {hews  tlie  ingenuity 
of  the  author  more  than  the  artful  yet  fimple  andeffedual  con- 
triyaucts  for  obviating  thofe  difficulties  that  unavoidably  zxify 
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from  the  very  nature  of  the  work  that  muft  be  performed  by 
the  machine,  and  of  the. power  employed. 

i6.  There  is  alfo  great  room  for  ingenuity  and  good  choice 
In  the  management  of  the  moving  power,  when  it  is  fuch  as 
cannot  immediately  produce  the  kind  of  motion  required  for 
effe£fcing  the  purpofe.  We  mentioned  the  convertion  of  the 
continued  rotation  of  an  axis  into  the  reciprocating  motion  of  a 
pifton,  and  the  improvement  which  was  thought  to  have  been 
made  on  the  common  and  obvious  contrivance  of  a  crank,  by 
fubftituting  a  double  rack  on  the  pifton-rod,  and  the  incon- 
venience arifing  from  the  jolts  occaGoned  by  this  change.  We 
have  fcen  a  great  forge,  where  the  iengineer,  in  order  to  avoid 
th^  fame  inconvenience  arifing  from  the  abrupt  motion  given  to 
the  great  iledge  hammer  of  feven  hundred  weight,  refilling  with 
a  five-fold  momentum,  formed  the  wipers  -into  fpirals,  which 
jcommunicated  motion  to  the  hammer  almoft  without  any  jolt 
whatever ;  but  the  refult  was,  that  the  hammer  rofe  no  higher 
than  it  had  been  raifed  in  contaft  with  the  wiper,  and  then 
fell  on  the  iron  bloom  with  very  little  tSt^fk.  The  caufe 
of  its  inefficiency  was  not  gueffed  at ;  but  it  was  removed,  and 
wipers  of  the  common  form  were  put  in  place  of  the  fpirals. 
In  this  operation,  the  rapid  motion  of  the  hammer  is  abfolutely 
neceifaryt  It  is  not  enough  to  lift  it  up  \  it  muft  be  tojfed  up, 
fo  as  to  fly  higher  than  the  wiper  lifts  it,  and  to  ftrike  with  great 
force  the  ftrong  oaken  fpring  which  is  placed  in  its  way.  It 
comprefies  this  fpring,  and  is  refle£ied  by  it  with  a  considerable 
velocity,  fo  as  to  hit  the  iron  as  if  it  had  fallen  from  a  great 
height.  Had  it  been  allowed  to  fly  to  that  height,  it  would  have 
fallen  upon  the  iron  with  fomewhat  more  force  (becaufe  no 
oaken  fpring  is  perfe6ily  elaftic)  \  but  tliis  would  have  required 
more  than  twice  the  time. 

17.  In  employing  a  power  which  of  neceflity  reciprocates,  to 
drive  machinery  which  requires  a  continuous  motion  (as  in  ap- 
plying the  fteam  engine  to  a  cotton  or  a  grift  mill),  there  alfo 
occur  great  difliculties.  The  necefHty  of  reciprocation  in  the 
firft  mover  waftes  much  power  ;  becaufe  the  inftrument  which 
communicates  fuch  an  enormous  force  muft  be  extremely 
ftrong,  and  be  well  fupported.  The  impelling  power  is  wafted 
in  imparting,  and  afterwards  deftroying,  a  vaft  quantity  of 
motion  in  the  working  beam.  The  ikilful  engineer  will  attend 
to  this,  and  do  his  utmoft  to  procure  the  ncccffary  ftrength  of 
this  firft  mover,  without  making  it  a  vaft  load  of  inert  matter. 
He  will  alfo  remark,  that  all  the  ftiains  on  it,  and  on  its 
Aipports,  are  changing  their  dired^ions  in  every  ftroke.  This 
requires  particular  attention  to  the  manner  of  fupporting  it.  If 
wc  obferve  the  fteam  engines  which  have  been  long  erected, 


I 

I 

I 


12  MECHANICS. 

we  fee  that  they  have  uniforrtily  ihaken  the  building  to  pi6c&i« 
This  has  been  owin^  to  the  ignorance  or  inattention  of  the  en- 
gineer in  this  particular,  lliey  are  much  more  judicioufly. 
ere£t;ed  now>  experience  having  taught  the  mod  ignorant  that 
no  building  can  withftand  their  defultory  and  oppofite  jolts^ 
and  that  the  great  movements  muft  be  fupported  by  a  frame- 
work independent  of  the  building  of  mafonry  which  contains 
it*. 

The  engineer  will  alfo  remark,  that  when  a  (ingle-ftroke 
fteam  engine  is  made  to  turn  a  mill,  all  the  communications  of 
motion  change  the  direction  of  their  prefiure  twice  every  ftroke* 
During  the  working  ftroke  of  the, beam,  one  fide  of  the  teeth  of 
the  intervening  wheels  is  preffing  tlic  machinery  forward  j  but 
during  the  returning  ftroke,  the  machinery,  already  in  motion, 
is  dragging  the  beam,  and  the  wheels  are  aAing  with  the  other 
fide  of  the  teeth.  This  occafions  a  rattling  at  every  change, 
and  makes  it  proper  to  fafhion  both  fides  of  the  teeth  with  the 
fame  care. 

It  will  frequently  conduce  to  the  good  performance  of  an  en-* 
gine,  to  make  the  a£lion  of  the  reGfting  work  unequable,  accom- 
modated to  the  inequalities  of  the  impelling  power.  This  will 
produce  a  more  uniform  motion  in  machines  in  which  the  mo- 
mentum of  inertia  is  inconfiderable.  There  are  fome  beautiful 
fpecimens  of  this  kind  of  adjuftment  in  the  mechaniim  of  ani- 
mal bodies. 

i8.  It  is  very  cuftomary  to  add  what  is  called  a  Flt  to  ma- 
chines. This  is  a  heavy  difk  or  hoop,  or  other  mafs  of  matter 
,  balanced  on  its  axiSj  and  fo  conne£led  with  the  machinery  as  to 
turn  bri/kly  round  with  it.  This  may  be  done  with  the  view  of 
rendering  the  motion  of  the  whole  more  regular,  notwithftanding 
unavoidable  inequalities  of  the  accelerating  forces,  or  of  the 
rcfiftances  occafioned  by  the  work.  It  becomes  a  Regulator. 
Suppofe  the  refiftance  extremely  unequal,  and  the  impelling 
power  perfectly  conftant ;  as  when  a  bucket  wheel  is  employed 
to  work  one  pump.  When  the  pifton  has  ended  its  working 
ftroke,  and  while  it  is  going  down  the  barrel,  the  power  6i  the 
wheel  being  fcarcely  oppofed,  it  accelerates  the  whole  machine, 
and  the  pifton  arrives  at  the  bottom  of  the  barrel  with  a  confi- 
derable  velocity.     But  in  the  rifing  again,  the  wheel  is  oppofed 

•  The  gudgeons  of  a  water- wheel  fhould  never  reft  on  the  wall  of  the 
building.  It  ihakcs  it ;  and  if  fet  up  foon  after  the  building  has  been 
cn-'<Scd,  it  prevenla  the  mortar  from  taking  firm  bona  ;  perhaps  by  ibat* 
tering  the  calcareous  cryftals  as  they  form  When  the  engineer  H  ol^liged 
to  reft  the  gudgeons  in  this  way,  they  Ihould  be  fupported  by  a  block  e»f 
oak  laid  a  little  hollow.  This  foftens  all  tremors,  like  fprings  of  a  wheel 
carriage.  This  pradice  would  be  very  fcrviccablc  in  aiany  other  parts  of 
the  couftrudion. 
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by  the  colamn  of  water  now  preiEng  on  the  pifton.*  This  im» 
mediately  retards  the  wheel  \  and  uhen  the  pifton  has  reached 
the  top  of  the  barrel,  all  the  acceleration  is  undone,  and  is  to 
begin  again.  The  motion  of  fuch  a  machine  is  very  hobbling :  but 
the  fuperplus  of  accelerating  force  at  the  beginning  of  a  return- 
ing ftroke  will  not  make  fuch  a  change  in  the  motion  of  the 
machine  if  weconne£b  the  fly  with  it.  For  the  accelerating 
momentum  is  a  determinate  quantity.  Therefore,  if  the  radius 
of  the  fly  be  great,  this  momentum  will  be  attained  by  com<- 
municating  a  fmall  angular  motion  to  the  machine.  The  mo- 
mentum of  the  fly  is  as  the  fquare  of  its  radius  ;  therefore  it  re* 
iifts  acceleration  in  this  proportion  %  and  aldiough  the  overplus 
of  power  generates  the  fame  momentum  of  rotation  in  the 
whole  machine  as  before,  it  makes  but  a  fmall  addition  to  its 
velocity.  If  the  diameter  of  the  fly  be  doubled^  the  augmenta- 
tion of  rotation  will  be  reduced  to  one- fourth.  Thus,  by 
giving  a. rapid  motion  to  a'  fmall  quantity  of  matter,  the  great 
acceleration  during  the  returning  ftroke  of  the  pifton  is  pre- 
vented. This  acceleration  continues,  however,  during  the  whole 
of  the  returning  ftroke,  ^nd  at  the  end  of  it  the  machine  has 
acquired  its  greateft  velocity.  Now  the  working  ftroke  begins, 
and  the  overplus  of  power  is  at  an  end.  The  machine  ac- 
jcelerates  no  more ;  but  if  the  power  is  juft  in  equilibrio  with 
the  refiftance,  it  keeps  the  velocity  which  it  has  acquired,  and 
is  ftiil  more  accelerated  during  the  next  returning  ftroke.  But 
now,  at  the  beginning  of  the  fubfequent  working  ftroke,  there 
is  an  overplus  of  "refiftance,  and  a  retardation  begins,  and  con- 
tinues during  the  whole  rife  of  the  pifton  ;  but  it  is  confiderable 
in  comparifon  of  what  it  would  have  been  without  the  fly ;  for 
the  fly,  retaining  its  acquired  momentum,  drags  forward  the 
reft  oi  the  machine,  aiding  the  impelling  power  of  the  wheeL 
It  does  this  by  all  the  communications  taking  into  each  other 
in  the  oppofite  dire£lion.  The  teeth  of  the  intervening  wheels 
are  heard  to  drop  from  their  former  conta£i  on  one  Cde,  to  a 
conta^  on  the  other.  By  confidering  this  procefs  with  at- 
tention, we  eafily  perceive  that,  in  a  few  ftrokcs,  the  overplus  of 
power  during  the  returning  ftroke  comes  to  be  fo  adjufted  to 
the  deficiency  during  the  working  ftroke,  that  the  accelerations 
and  retardations  exactly  deftroy  each  other,  and  every  fucceeding 
ftroke  is  made  with  the  fame  velocity,  and  an  equal  number  of 
ftrokes  is  made  in  every  fucceeding  minute.  Thus  the  machine 
acquires  a  general  uniformity  with  periodical  inequalities.  It  is 
plain,  that  by  fufficiently  enlarging  either  the  diameter  or  the 
weight  of  the  fly,  the  irregularity  of  the  motion  may  be  rendered 
9$  fmall  as  we  pleafe.  It  is  much  better  to  enlarge  the  diameter. 
This  prefervcs  the  friction  more  moderate,  and  the  pivot  wears 
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lefs.  For  thefe-reafons,  a  fljr  is  in  general  a  conHderable  improve* 
ment  in  machinery,  by  equalifing  many  exertions  that  are  na* 
lurally  very  irregular.  Thus,  a  man  working  at  a  common 
windiafs  exerts  a  very  irregular  preffure  on  the  winch.  In  one 
of  his  pofitions  in  each  turn  he  can  exert  a  force  of  near  70 
pounds  without  fatigue,  but  in  another  he  cannot  exert  above 
25 ;  nor  muft  he  be  Joaded  with  much  above  this  in  general. 
But  if  a  large  fly  be  connefted  properly  with  the  windiafs^  he 
will  act  with  equal  eafe  and  fpeed  againft  30  pounds. 

This  regulating  power  of  the  fly  is  without  bounds,  and  may 
be  ufed  to  render  uniform  a  motion  produced  by  the  moil  de- 
fultory  and  irregular  power.  It  is  thus  that  the  mod  regular 
motion  is  given  to  mills  that  are  driven  by  a  fingle-ftroke  fleam 
engine,  where  for  two  or  even  three  feconds  there  is  no  force 
prefljng  round  the  mill.  The  communication  is  made  through 
a  maflive  fly  of  very  great  diameter,  whirling  with  great  ra- 
pidity. As  foon  as  the  impulfe  ceafes,  the  fly,  continuing  its 
motiori,  urges  round  the  whole  machinery  with  almoft  unabated 
fpeed.  At  this  inftant  all  the  teeth,  and  all  the  joints,  between 
the  fly  and  the  iiril  mover,  are  heard  to  catch  in  the  oppofite 
direflion. 

If  any  permanent  change  fhould  happen  in  the  impelling 
power,  or  in  the  refiftance,  the  fly  makes  no  obilacle  to  its  pro- 
ducing its  full  effe£l  on  the  machine  5  and  it  will  be  obferved  to 
accelerate  or  retard  uniformly,  till  a  new  general  fpeed  is  ac- 
quired exaftly  correfponding  with  this  new  power  and  re- 
fiftance. 

19.  Many  machines  include  in  their  conftruGion  movements 
which  are  equivalent  with  this  intentional  regulator.  A  flour 
mill,  for  example,  cannot  be  better  regulated  than  by  its  mil- 
ftone ;  but  in  the  Albion  mills,  a  heavy  fly  was  added  with  great 
propriety  ;  for  if  the  mills  had  been  regulated  by  their  milftones 
only,  then  at  every  change  of  ftroke  in  the  fteam  engine,  the 
whole  train  of  communications  between  the  beam,  which  is  the- 
firft  mover,  and  the  regulating  milftone,  which  is  the  very  laft 
mover,  would  take  in  the  oppofite  dire£lion.  Although  each 
drop  in  the  teeth  and  joints  be  but  a  trifle,  the  whole,  added 
together,  would  make  a  confiderable  jolt.  This  is  avoided  by  a 
regulator  immediately  adjoining  to  the  beam.  This  continually 
prefles  the  working  machinery  in  one  direction.  So  judicioufly 
were  the  movements  of  that  noble  machine  contrived,  and  fo 
nicely  were  they  executed,  that  not  the  leafl:  noife  was  heard^ 
tioT  the  flightfft  tremor  felt  in  the  building. 

20.  Mr.  Valoue's  beautiful  pile  engine  employed  at  Weft- 
minifter  Bridge  is  another  remarkable  inftance  of  the  regulating 
power  of  a  fly.    When  the  ram  is  dropped,  and  its  follower 
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difengaged  immediately  after  it,  the  horfes  would  inftantly 
tumble  down,  becaufe  the  load,  againft  which  they  had  been 
ftraining  hard,  ie  at  once  taken  off;  but  die  gin  is  connefied 
with  a  very  large  fly,  which  checks  any  remarkable  acceleration^ 
allowing  the  horfes  to  lean  on  it  during  the  defcent  of  the  load  $ 
sdfter  which  their  draught  recommences  immediately.  The 
fpindles,  cards,  and  bobbins,  of  a  cotton  mill,  are  alfo  a  fort  of 
flies.  Indeed  all  bulky  machines  of  the  rotative  kind  tend  to 
preferve  their  motion  with  fome  degree  of  fl.eadinefs,  and  their 
great  momentum  of  inertia  is  as  ufeful  in  this  rcfpe£l  as  it  is 
prejudicial  to  the  acceleration  or  any  reciprocation  when 
wanted. 

'21.  There  is  another  kind  of  regulating  fly,  confiding  of 
wings  whirled  brilkly  round  till  the  refiftance  of  the  air  prevents 
any  great  acceleration.  This  is  a  very  bad  one  for  a  working 
machine,  for  it  produces  its  tSeGt  by  really  wafting  a  part  of  the 
moving  power.  Frequently  it  employs  a  very  great  and  un- 
known part  of  it,  and  robs  the  proprietor  of  much  work.  It 
ihould  never  be  introduced  into  any  machine  employed  in  ma- 
nufaflures. 

22.  Some  rare  cafes  occur  where  a  very  different  regulator  is 
required :  where  a  certain  determined  velocity  is  found  neceffary. 
In  this  cafe  the  machine  is  furnifhed,  at  its  extreme  mover,  with 
a  conical  pendulum,  confiding  of  two  heavy  balls  hanging  by  rods, 
which  move  in  very  nice  and  deady  joints  at  the  top  of  a  vertical 
axis.  It  is  well  known,  that  when  this  axis  turns  round,  with 
an  angular  velocity  fuited  to  the  length  of  thofe  pendulums,  the 
time  of  a  revolution  is  determined.  Thus,  if  the  length  of  each 
pendulum  be  39^  inches,  the  axis  will  make  a  revolution  in  two 
feconds  very  nearly.  If  we  attenipt  to  force  it  more  fwiftly 
round,  the  balls  will  recede  a  little  from  the  axis,  but  it  employs 
as  long  time  for  a  revolution  as  before ;  and  we  cannot  make  it 
turn  fwifter,  unlefs  the  impelling  power  be  increafed  beyond  all 
probability ;  in  which  cafe  the  pendulum  will  fly  out  from  the 
centre  till  the  rods  are  horizontal,  after  which  every  incteafc  of 
power  will  accelerate  the  machine  very  fenfibly.  Watt  and 
£oulton  have  applied  this  contrivance  with  great  ingenuity  to 
their  deam  engines,  when  they  are  employed  for  driving  ma- 
chinery for  manufactures  which  have  a  very  changeable  refid- 
ance,  and  where  a  certain  fpeed  cannot  be  much  departed  from 
without  great  inconvenience.  They  have  conne£ked  this  recefs 
of  the  balls  from  the  axis  (which  gives  immediate  indication  of 
an  increafe  of  power  or  a  diminution  of  refidance)  with  the 
cock  which  admits  the  deam  to  the  working  cylinder.  Thie 
balls  flying  out  caufe  the  cock  to  clofe  a  little,  and  diminilh 
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the  fupplf  of  fteam.  The  irapellmg  power  diminifhes  the  next 
moment,  and  the  balls  again  approach  the  axis,  and  the  rota* 
tion  goes  on  as  before,  although  there  may  have  occurred  a  very 
great  cxcefs  or  deficiency  of  power. 

23.  A  fly  is  fometimes  employed  for  a  very  difFerent  purpofc 
from  that  of  a  regulator  of  motion^t  is  employed  as  a  coUeEior  of 
pciver.    Swppofe  all  rcfiftance  removed  from  the  working  point 
of  a  machine  furniflied  with  a  very  large  or  heavy  fly  imme- 
diately connefted  with  the  working  point.    When  a  fmall  force 
is  applied  to  the  impelled  point  of  this  machine,  motion  will 
begin  in  the  machine,  and  the  fly  begin  to  turn.     Gbntinue  to 
prefs  uniformly,  and  the  machine  will  accelerate.     This  may  be 
continued  till  the  fly  has  acquired  a  very  rapid  motion.     If  at 
this  moment  a  refifting  body  be  applied  to  the  working  point,  k 
will  be  afted  on  with  very  great  force ;  for  the  fly  has  now  ac- 
cumulated in  its  circumference  a  very  great  momentum.     If  % 
body  were  expofed  immediately  to  the  adion  of  this  circum- 
ference, it  would  be  violently  (Iruck.     Much  more  will  it  be  fo> 
if  the  body  be  expofed  to  the  ad  ion  of  the  working  point,  which 
perhaps  makes  one  turn  while  the  fly  makes  a  hundred.     It  wiil 
exert  a  hundred  times  more  force  there  (very  nearly)  than  at  its 
own  circumference.     Ail  the  motion  which  has  been  accti- 
mulated  on  the  fly  during  the  whole  progrefs  of  its  acceleration 
is  exerted  in  an  inilant  at  the  working  pointy  multiplied  by  the 
momentum  depending  on  the  proportion  of  the  parts  of  the  ma- 
chine.    It  is  thus  that  the  coining  prefs  performs  its  oflTice ;  mj^ 
it  is  thus  that  the  blackfmith  forges  a  bar  of  iron.'  Swinging  the 
great  fledge  hammer  round  his  head,  and  urging  it  with  force 
the  whole  way,  this  accumulated  motion  is  at  once  extinguifted 
by  impa£l  on  the  iron.  It  is  thus  alfo  we  drive  a  nail,  &c.  This 
accumulating  power  of  a  fly  hasoccafioned  many  to  imagine  that  a 
fly  really  adds  power  or  mechanical  force  to  an  engine  ^  and,  not 
underllanding  on  what  its  efhcacy  depends,  they  often  place  the 
fly  in  a  fituation  where  it  only  adds  a  ufelefs  burden  to  the  ma- 
chine*   It  fliould  always  be  made  to  move  with  rapidity.     If  in- 
tended for  a  mere  regulator,  it  fliould  be  near  the  firft  mover:  and 
if  it  be  inten(^ed  to  accumulate  force  in  the  working  point,  it 
fliould  not  be  far  feparated  from  it.  In  a  certain  fcnfe,  a  fly  may 
be  fiiid  to  add  power  to  a  machine,  becaufc  by  accumulating  into 
the  exertion  of  one  moment  the  exertions  of  many,  we  can  fome* 
times  overcome  an  obftacle  that  we  never  could  have  balanced 
by  the  fame  machine  unaided  by  the  fly.     And  it  is  this  ac- 
cumulation of  force  which  gives  fuch  an  appean\nce  of  power 
to  fomc   of  our   firft   movers.     Sec  Supplement^  Emychpadi(^ 
Britan,  art.  Machinery* 
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On  FriBhn,  and  the  Stiffnefs  of  Ropes. 

24.  Mod  of  the  propofitions  laid  down  in  the  (irfl:  volume  of 
this  work  have  been  condu£led  upon  the  fuppofition  that  all 
bodies  are  perfe£il]r  fmoothy  that  they  Aide  over  one  another 
without  any  frifiion,  and  that  cords  and  ropes  are  perfe£lly 
flexible.  But  fince  there  i^  no  fuch  thing  as  perfed):  fmoothne» 
in  bodies,  no  machine  can  move  without  a  mutual  rubbing  of 
its  parts>  atv  all  points  of  communication :  and  when  we  con<^ 
fider  the  mode  of  operation  of  the  teeth  of  wh^el  work,  the 
wipers  and  lifts,  the  gudgeons  of  the  different  axes,  £cc.  we 
{hall  fee  thztjri^ion^  by  which  we  mean  the  refiftance  a  body 
meets  with  mm  the  furface  on  which  it  moves,  has  coniider* 
able  effe£t  in  retarding  the  motion  of  machines,  or  gives  oc- 
cafion  for  the  exertion  of  much  more  power  in  order  that  the 
machine  may  move  with  the  requifite  velocity.  Indeed  in  many 
machines,  as  polifhing  mills,  grinding  mills,  boring  and  fa  wing 
mills,  the  ultimate  tafk  performed  is  either  fri^ion  or  very 
much  refembles  it.  So  that  fome  knowledge  of  the  nature  of 
fridion  feems  abfolutely  neceiTary,  to  enable  us  to  apply  the 
principles  of  the  fimple  theory  to  any  ufeful  praftical  purpofe. 

2 ;•  Much  attention  has,  therefore,  been  paid  to  this  fubjtsd 
by  many  ingenious  men;  but  as  yet  their  labours  have  not 

greatly  added  to  the  ftock  of  knowledge  as  to  the  real  nature  of 
vQion :  and  although  fome  ingenious  theories  have  been  de- 
duced from  the  experiments  ^ich  have  already  been  made^ 
ihtj  reft  upon  very  limited  hypothefes,  and  are  of  little,  if  any, 
a^iual  utility.  This  being  our  opinion,  the  reader  will  not 
expeA  a  minute  expofition  of  the  theory  in.  this  place.  Wc 
(hall  merely  prefent  a  tingle  propoiition,  which  tends  to  an 
obvious  prad^ical  purpofe,  and  does  not  require  the  admiillon 
of  more  than  one  new  principle,  viz.  that  the  friBion  varies 
nearly  as  the  prej/ure* 

Pkop.  a  power  which  moves  a  body  along  a  horizontal  plane^  a8t 
nmth  the  greateft  advantage  when  the  line  of  dire  ff ion  mdkes  an 
angle  of  about  184^°  with  the  plane.  Let  B  (fig,  2.  pi.  I.)  be  the 
body  which  is  to  be  moved  along  the  horizontkl  plane  BC,  by 
a  given  power  eftimated  in  quantity  and  dire^ion  by  BA.  Demit 
tbe  perpendicular  AC;  and  let  the  given  line  AB=i=radiu9» 
AC=:fine  zABC^x,  BC=i  V7iri"»-=the  force  moving  the 
body  horizontally.  The  power  by  its  oblique  a£3:ioa  diminiflies 
the  prefliireof  the  weight  on  the  horizontal  plane  in  the  r^tip 
of  I ;  4P,  therefore  B  ;v=:that  part  of  the  preflure  which  is  taken 
fifi;.  .994. the  a^ual  prefiUre^B-Bw.     Let  fri^ioa  be  m- 

TQL.  lit  € 


\ 


IS  MECHANICS. 

idi  part  of  ihi  weight  or  preflure :  that  is,  let  it  bes=~B- 

"  B  X.  Then  the  force  requifite  to  more  B  horisontally  muft 
he  equal  to  the  horizontal  force  diminifhed  by  fri&ion,  or  a 
B  (i  — ^)  ^  — —  B+  — Bx*    This  is  to  be  a  minimum,  or  its 


fluxion  —  B  9c—.    *lx.=o :  hence  we  find  *=srrrm  =  ^"^ 

of  the  angle  ABC.  And  if,  as  has  been  concluded  from  many  ex« 

periments,   ■^=t>  then  will  «= --^=fine  of  iS**  z6'  nearly. 

If  the  plane  along  which  the  body  is  to  be  moved  be  in* 
dined  to  the  horizoni  the  fine  of  the  angle  which  the  line  of  di- 
re£kion  or  tra&ion  of  the  power  makes  with  the  plane,  when  it 

aAs  with  the  greateft  advantage,  will  be  nearly  =--^r~",cbeing 

the  cofine  of  the  angle  of  elevadon  to  radius  =:unity. 

26.  The  principle  aiTumed  in  the  inveftigation  aoove  is,  how* 
ever,  by  no  means  general  in  its  application :  as  there  are  many 
circumftances  which  modify  the  operation  of  fri£tion,  and  cau(e 
deviations  from  this  law.  Theie  circumftances  will  be  beft 
learnt  by  refle^ing  upon  fome  of  the  experiments  which  hav« 
been  made  relative  to  the  fridion  of  bodies  in  motion.  Of 
fuch  experiments  we  fiiall  firft  defcribe  thofe  of  Mr.  Profefbr 
Vince,  which  were  condu£led  widi  great  care  and  ingenuttVy 
and  led  to  fome  important  refults.  The  objedi  of  thb  pm<« 
lofopher  was  to  determine  the  following  queftions : 

1.  Whether  fridion  be  a  uniformly  rets^diag  force  ? 

2.  What  is  the  quantity  of  friction  ? 

3.  Whether  the  fridiion  varies  in  proportion  to  the  preflure  or 
weight  ? 

4.  ^yiiether  the  friflion  be  the  fame  on  whichever  pf  its  fur- 
faces  a  body  moves  ? 

(I.)  With  refpe^i  to  die  firft  of  thefe  queftions,  the  author 
tridy  obferves,  that  if  fri^on  be  a  uniform  force,  the  di^erence 
bttween  it  and  the  given  force  of  the  moving  power  employed  to 
overcome  it  muft  alfo  be  uniform ;  and  that  tl^refore  the  movnig 

Kwer,  if  it  be  a  body  defcending  by  ^s  own  weight,  muft  de« 
tnd  with  a  uniformly  accelerated  velocity,  juft  as  when  th^e 
was  no  fri£lion.  The  fpaces  defcribed  from  the  beghining  of 
dio  aaotioQ  will  indeed  be  dimlniibed  in  »ny  giveA  tiqie  on 
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count  of  th€  tnOCion  \  but  (till  they  muft  be  to  each  other  as  tht» 
fquar^  of  the  times  employed. 

(2.)  A  plane  was  theretore  adjufted  parallel  to  the  horizon^ 
at  the  extremity  of  which  was  placed  a  pulley,  which  could  be 
elevated  or  deprefled,  in  order  to  render  the  ftring  which  con« 
neded  the  body  and  the  moving  force  parallel  to  the  plane-  A 
fcale  accurately  divided  was  placed  by  the  fide  of  the  pulley  per- 
pendicular tp  the  horizon,  by  the  fide  of  which  the  moving 
force  defcended  \  upon  the  fcale  was  placed  a  moveable  ftagey 
whfeh  could  be  adjufted  to  the  (jpace  throueh  which  the  moving 
force  defcended  in  any  given  time ;  which  time  was  meafured 
by  a  well«regulated  pendulum'  clock  vibrating  feconds.  Every 
thing  being  thus  prepared,  the  following  experiments  were  made 
to  alcertain  the  law  of  friction. 

(3.)  Esip.  i«  A  body  was  placed  upon  the  horizontal  plane^ 
and  a  moving  force  applied,  which,  from  repeated  trials,  was 
found  to  defcend  52^  inches  in  4" ;  for  by  the  beat  of  the  clocks 
and  the  found  of  the  moving  force  when  it  arrived  at  the  ftage, 
the  fpace  could  be  very  accurately  adjufted  to  the  time :  me 
ftage  wa«  then  removed  to  that  point  to  which  the  moving  force 
would  defcend  in  3",  upon  fuppofition,  that  the  (paces  de- 
'foribed  by  the  moving  power  were  as  the  fquare^  of  the  times  \ 
and  the  fpace  was  found  to  agree  very  accurately  with  the 
time :  the  ftage  was  then  removed  to  that>  point  to  which  the 
moving  force  ought  to  defcend  in  a",  upon  the  fame  fuppofition^ 
and  the  defcent  was  found  to  agree  exa£lly  with  the  time: 
laftly,  the  ftage  was  adjufted  to  that  point  to  which  the  moving 
fotife  ought  to  defcend  in  i",  upon  the  fame  fuppofition,  and 
the  fpact  was  obferved  to  agree  widi  the  time.  Now^  !a 
order  to  find  whether  a  difference  in  the  tihoe  of  defcent  could 
be  obferved  by  removing  the  ftage  a  little  above  and  below  ther 
pofitions  which  correfponded  to  the  above  times,  the  experiment 
was  tri^,  and  the  defcent  was  always  found  too  footi  in  the 
fotmer,  and  too  late  in  the  latter  cafe ;  by  which  the  authot 
ihis  afliited,  that  the  fpaces  firft  mentioned  correfponded  exadlj 
10  die  times.  And,  for  the  greater  certainty,  each  defcent  wa^ 
ftfplMed  eight  or  ten  times ;  and  every  caution  ufed  in  this  ex«^ 
{MtitnemV^s  alfo  made  ufe  of  in  all  the  following. 

Sxp,  2.  A  fecotid  body  was  laid  upon  the  horizontal  plane, 
and  a  fborving  force  applied  which  defcended  414  inches  in  3''^ 
Aff  ftilge  Was  then  adjufted  tt>  die  fpace  cotrelponding  to  2'\ 
upon  fuppofition  that  the  fpaccs  defcended  through  were  as  the 
fquare^  of  the  tithes,  and  it  was  found  to  aglve  accurately  with 
Ae  time  \  the  ftage  was  then  adjufted  to  t&e  fpaoe  conrefpond* 
inff  to  i\  upoti  the  fiune  fuppofitioni  and  it  was  fottod  to  agr€d 
iridi  die  time. 
^ly*  ^  A  thitd  body  was  laid  upon  the  hoifizonlal  plane^  a&A 
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a  moving  force  applied,  which  defcended  5^  inches  in  4'' ;  th# 
ftage  was  then  adjured  to  the  fpace  correfponding  to  3",  upon 
fuppofition  that  the  fpaces  defcended  through  were  as  the  fquares 
.o^the  times,  and  it  wa^  found  to  agree  with  the  time  i  the  ftage 
was  then  adjufted  to  the  fpace  correfponding  to  2",  upon  the 
fame  fuppofition,  and  it  was  found  to  agree  with  the  time ;  the 
ilage  was  then  adjuftol  to  the  fpace  correfponding  to  i",  and 
was  found  to  agree  with  the  time. 

Eiep.  4.  A  fourth  body  was  then  taken  and  laid  upon  the  ho- 
rizontal plane,  and  a  moving  force  applied,  which  defcended 
55  inches  in  4";  the  ftage  was  then  adjufted  to  the  fpace 
through  which  it  ought  to  defcend  in  3'^  upon  fuppofition  that 
.the  fpaces  defcended  through  were  as  the  fquares  of  the  times, 
and  it  wa$  found  to  agjee  with  the  time ;  the  ftage  was  then 
adjufted  to  the  fjpace  correfponding  to  2",  upon  the  fame  fup- 
'pofition,  and  was  found  to  agree  with  the  time;  laftly,  the  ftage 
was  adjufted  to  the  fpace  correfponding  to  i",  and  it  was 
N  found  to  agree  exa£tly  with  the  time. 

Befides  thefe  experiments,  a  great  number  of  others  were 
.made  with  hard  bodies,  or  thofe  whofe  parts  fo  firmly  cohered 
as  not  to  be  moved  inter  fe  by  the  fri£l:ion  ;  and  in  each  expe-* 
ment,  bodies  of  very  different  degrees  of  friftion  were  chofen, 
and  the  refuUs  all  agreed  with  thofe  related  above ;  it  was 
therefore  concluded,  t\i2X  the  fri^ion  of  hard  bodies  in  motion  is 
s.  uniformly  retarding  force. 

But  to  determine  whether  the  fame  was  true  for  bodies  whea 
covered  with  cloth,  woollen^  &c.  experiment^  were  made  in 
order  to  afcertain  it;  when  it  was  found  in  all  cafes,  that  the 
retarding  force  increafed  with  the  velocity ;  but,  upon  covering 
bodies  with  paper,  the  confequences  were  found  to  agree  with 
thofe  related  above. 

(4.)  Having  proved  that  the  retarding  force  of  all  hard  bodies 
ariling  from  fri£^ion  is  uniform,  the  quantity  of  fri^on,  qon* 
(idered  as  equivalent  to  a  weight  without  inertia  drawing  the 
body  on  the  horizontal  plane  backwards,  or  adiing  contrary  to 
the  moving  force,  maybe  immediately  deduced  from  the  foregoing 
experiments.  For  let  M=the  moving  force  exprefied  by  its 
weight  5  F=the  fridlion;  W=the  weight  of  the  body  upon  the 
horizontal  plane  ;  S=the  fpace  through  which  the  moving  force 
defcended  in  the  time  /  exprefTed  in  feconds;  r=i^-j^  feet{ 
then  the  whole  accelerative  force  (the  force  of  gravity  being 

unity)  will  be  -    ,  ^-  i  hence,  by  the  laws  of  uniformly  accele- 

» 

rated  inotion%2:^xr<»»:S,co«ifequenUyF=M-2!±^^' 
To  eseoiplify  thUf  let  u^  take  tbe  q^c  of  the  Iftft  experiment^ 


where  M=7,  W=:25|,  8=4-^  feet,  ^=4";  hence  F=7- 
B'    td  ~^'4^7  »  confequcntlf  the  fridlion  was  to  the  weight 

of  the  rubbing  body  as  6.4167  to  2S.ys»  And  the  great  ac« 
curacy  of  determining  the  fri^ion  by  this  method  is  manifeft 
from  hence,  that  if  an  error  of  i  inch  had  been  made  in  the 
defcent  (and  experiments  carefully  made  may  always  determine 
the  fpace  to  a  much  greater  exa£inefe)  it  would  not  have  a£Fe£t- 
ed  the  conclufion  -^^  part  of  the  whole. 

(5.)  We  come  in  the  next  place  to  determine,  whether  fric- 
tion, cufUris  parihuSf  varies  in  proportion  to  the  weight  or  pref* 
fuve.  Now  if  the  whole  quantity  of  the  fri£l:ion  of  a  body, 
meafured  by  a  weight  without  inertia  equivalent  to  the  fri£Uon 
drawing  the  body  backwards,  increafcs  in  proportion  to  its 
weight,  it  is  manifeft,  that  the  retardation  of  the  velocity  of  the 
body  arifing  from  the  fri£lion  will  not  be  altered ;  for  the  re« 

^     J  ^.  •  Sttantity  of  friction     ,  -^       t     i     t 

tardation  vanes  as  ;t — zzr — r^ — n~ »  hence,  if  a  body  be  put  in 

i^uantity  ot  matter »  '  /         r        . 

motion  upon  the  horizontal  plane  by  any  moving  force,  if  both 
the  weight  of  the  body  and  the  moving  force  be  increafed  in 
the  fame  ratio,  the  acceleration  arifing  from  that  moving  force 
will  remain  the  fame,  becaufe  the  accelerative  force  varies  as 
the  moving  force  divided  by  the  whole  quantity  of  matter,  and 
both  are  increafed  in  the  fame  ratio ;  and  if  the  quantity  of 
fri£lion  increafes  alfo  as  the  weight,  then  the  retardation  arif- 
ing from  the  fridlion  will,  from  what  has  been  faid,  remain  the 
fame,  and  therefore  the  whole  acceleration  of  the  body  will  not 
be  altered ;  confequently  the  body  ought,  upon  this  fuppofition, 
ftill  to  defcribe  the  fame  fpace  in  the  fame  time.  Hence,  by 
obferving  the  fpaces  defcribed  in  the  fame  time,  when  both  the 
body  and  the  moving  force  are  increafed  in  the  fame  ratio,  we 
may  determine  whether  the  fridion  increafes  in  proportion  to 
the  weight.  The  following  experiments  were  therefore  made 
in  order  to  afcertain  this  matter. 

Exp.  I.  A  body  weighing  10  oz.  by  a  moving  force  of  4  o«. 

defcribed  in  2"  a  fpace  of  51  inches ;  by  loading  the  body  with 

10  oz.  and  the  moving  force  vnth  4  oz,  it  defcribed  56  inches 

in  2"  i  and  by  loading  the  body  again  with   10  oz.  and  the 

jnoving  force  with  4  oz.  it  defcribed  63  inches  in  2"* 

Exp,  2.  A  body  whofe  weight  was  16  oz.  by  a  moving  force 
of  5  oz.  defcribed  a  fpace  of  49  inches  in  3"  9  and  by  loading 
the  body  with  64  oz.  and  the  moving  force  with  20  oz.  the 
fpace  defcribed  in  the  fame  time  was  64  inches. 

Exp.  3.  A  body  weighing  6  oz.  by  a  moving  force  of  a4  02. 
defcribed  2&  indies  in  z"  i  and  by  loading  the  body  with  24.  osu 
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und  the  mofvin^  force  with  lo  oz.  the  fpace  defcribed  in  the 
fame  time  was  54  inches. 

Epcp*  4.  A  body  weighing  8  oz.  by  a  moving  force  of  4  oz« 
defcribed  334^  inches  in  %**  \  and  by  loading  the  body  with  8  oz. 
dnd  the  moving  force  widi  4  oz.  the  fpace  defcribed  in  the 
fame  time  was  47  inches. 

Exp*  5.  A  body  whofe  weight  was  9  oz.  by  a  moving  force 
6f  42-  oz.  defcribed  48  inches  in  a'' ;  and  by  loading  the  body 
with  9  oz.  and  the  moving  force  with  44  oz.  the  fpace  defcribea 
in  the  fame  time  was  60  inches. 

Exp.  6.  A  body  weighing  10  oz.  by  a  moving  force  of 
3  oz.  defcribed  ao  inches  in  2"  \  by  loading  the  body  with  10 
ez«  and  the  moving  force  with  3  oz.  the  fpace  defcribed  in  the 
fame  time  was  3 1  inches  ;  and  by  loading  the  body  again  with 
30  oz.  and  the  moving  force  with  9  oz.  the  fpace  defcribed  was 
34  inches  in  7,'\ 

From  thcfe  experiments,  and  many  others  which  it  is  not  ne- 
ccffary  here  to  relate,  it  appears,  that  the  fpace  defcribed  is 
always  increafed  by  increafing  the  weight  of  the  body  and  the 
9ccelerative  force  in  the  fame  ratio  \  and  as  the  acceleration 
aiifing  from  the  moving  force  continued  the  fame,  it  is  manifeft, 
that  the  retardation  arifing  from  the  firidion  muft  have  been  di* 
inini(hed,for  the  whole  ac^elerative  force  muft  have  been  increafed 
on  account  of  the  increafe  of  the  fpace  defcribed  in  the  fame 
time  \  and  hence  (as  the  retardation  from  fridlion  vapes  a9 

"3 — rr — r — ^zrr"}  '^^  quantity  offriElion  increafes  in  a  left  ratio  than 

the  quantity  ofmmttir  or  weight  of  the  body. 

(6.)  We  come  now  to  the  lait  thing  which  it  was  propofed  to 
determine,  that  is,  whether  the  fri£^ion  varies  by  varying  the 
furface  on  which  the  body  moves.  Let  us  call  two  of  the 
furfaces  A  and  a^  the  former  being  the  greater,  and  the  latter  the 
lefs.  Now  the  weight  on  every  given  part  of  a  is  as  much 
greater  than  the  weight  on  an  equal  part  of  A,  as  A  is  greater 
than^;  if  therefore  the  fridion  was  in  |>roportion  to  the 
weight,  ceteris  parihus,  it  is  manifeft,  that  the  frifiion  on  a 
wotdd  be  equal  to  the  fri£lion  on  A,  the  whole  fri^iion  being, 
vpoa  fuch  a  fuppofition,  as  the  weight  on  any  given  part  of  each 
furface  multiplied  into  the  number  of  fucn  parts  or  into,  the 
whole  area,  which  produfls,  from  the  proportion  above,  are 
^ual.  But  from  the  laft  experiments  it  has  been  proved,  that 
the  fri£lion  on  any  given  furface  increafes  in  a  lefs  ratio  than  the 
W«:ight ;  donfequently  the  frid^ton  on  any  given  part  of  a  has  a 
lefs  ratio  to  the  fri£iion  on  an  equal  part  of  A  than  A  has  to  a, 
and  hence  the  fri£tion  on  a  is  lefs  than  the  fri^on  oa  A,  that 
U9  the  (malleft  furface  has  always  the  leaft  fri^ioxi. 


^  As  this  condufion  is  contrary  to  die  geiierallv  received  opU 
nion»  Mr.  Vince  though  it  proper  to  confirm  it  by  a  fet  of  ex* 
periments  made  with  diflRsrent  bodies  of  exafUy  tl^  fame  degree 
of  roughnefs  on  their  two  furfaces. 

Exp.  I.  A  body  was  taken  whofe  flat  ftirfafCe  was  to  its  edge 
as  22 :  9,  and  vntn  the  fame  moving  force  the  body  defcribed  oil 
its  flat  fide  334  inches  in  2'\  and  on  its  edge  47  inches  in  the 
fame  time. 

Exp.  2.  A  fecond  body  was  taken  whofe  flat  furfdce  was  to  its 
edge  as  3a :  3»  and  with  the  fame  moving  force  it  defcribed  oii 
lis  flat  fide  ^2  inches  in  2"^  and  on  its  edge  it  defcribed  37^ 
inched  in  the  fame  time. 

Exp.  3*  He  took  another  body  and  covered  one  of  its  furfaces^ 
whofe  length  was  9  inches,  with  a  fine  rough  paper,  and  by  apply- 
ing a  moving  force,  it  defcribed  25  inches  in  2'  ;  he  then  took  off 
fome  paper  from  the  middle,  leaving  only  4  of  an  inch  at  tlie 
two  end^  and  with  the  fame  moving  toree  it  defcribed  40 
inches  in  the  fame  time.* 

Exp.  4.  Another  body  was  taken  which  had  one  of  its  fur* 
faces,  whofe  length  v^s  9  inches,  covered  wilih  a  fine  rough 
paper,  and  by  applying  a  moving  force  it.  defcribed  42  ifidies  in 
2"  \  fome  of  the  paper  ytr^%  then  taken  oflF  from  the  middlti 
leaving  only  i\  inches  at  the  two  ends,  and  with  the  fame 
moving  force  it  defcribed  54  inches  in  '^' ;  he  then  took  off 
more  paper,  leaving  only  7  of  an  inch  at  the  two  endJB,  and  tlie 
body  then  defcribed,  by  the  fame  moving  force,  60  inches  in  the 
fame  time. 

In  the  two  laft  experiments  the  paper  which  was  taken  off 
the  furface  was  laid  on  the  body,  diat  its  weight  might  not  be 
altered. 

Exp.  g.  A  body  was  taken  whofe  flat  furface  was  to  its  edgie 
as  30 :  17  }  the Jlat  fide  was  laid  upon  the  horizontal  plane,  a 
moving^  force  was  applied,  and  the  ftage  was  fixed  in  order  to 
ftop  tae  moving  force,  in  confequence  of  vrfiich  die  body 
would  then  eo  on  w^th  the  velocity  acquired  until  the  fric- 
tion had  deuroyed  all-  its  motion  -,  when  it  appeared  from  a 
mean  of  12  trials  that  the  body  moved,  after  its  accelei^ricm 
ceafed,  jf  inches  before  it  (topped.  The  ^d^^  wa^  then  applied* 
and  the  moving  force  defcended  through  the  fame  fpace  ^  and 
it  was  found,  from  a  mean  of  the  fame  numbet*  of  trials,  that 
the  fpace  defcribed  was  7-f  inches  before  the  body  loff  all  its 
motion,  after  it  ceafed  to  be  accelerated. 

£xp.  6.  Another  body  was  then  taken  whofe  flat  furface  was 
to  its  edge  as  60-:  19,  and  by  proceeding  as'  before,  on  the  flat 
fiurfiwa  it  defcrib^>  at  a  Haean  of  ra  trials,  si  '^^^h-  ^^^  otK 
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the  edge  647  incheS)  before  it  ftopped,  after  the  acceleradon 
ceafed. 

Etcp.  7.  Another  body  was  taken  whofe  flat  furface  was  to  its 
edge  as  26  :  3,  and  the  fpaces  defcribed  on  thefe  two  furfaces^ 
after  the  acceleration  ended,  were,  at  a  mean  of  ten  trials^  4f  and 
7V^  inches  4:efpe£tive]y. 

From  all  thefe  different  experiments  its  appears,  that  the 
fmalleft  furface  had  always  the  leaft  fridiion,  which,  agrees  with 
ihe  confequence  deduced  from  the  coniideration  that  the  fridiion 
does  not  increafe  in  fo  great  z.  ratio  as  the  weight  i  we  may 
•  therefore  conclude,  that  thefrUiion  •/  a  body  does  not  continue  the 
fame  when  it  has  different  furf aces  applied  to  the  plane  on  which  it 
psove^f  iut  that  the /mallefi  furface  luill  have  the  leaji  friffion. 

To  the  experiments  inftituted  by  Mr.  I  ergufon  and  others,  from 
'which  conclufions  have  been  drawn  fo  different  from  thefe,  this 
author  makes  the  following  obje£tions:  It  was  their  objed:  to 
£nd  what  moving  force  would  yj^  put  a  body  at  reft  in  motion  1 
and  having,  as  they  thought,  found  it,  they  thence  concluded, 
that  the  accekrative  force  was  then  equal  to  the  fri£^ion.  But 
it  is  manifeft,  as  Mr.  Vince  obferves,  that  any  force  which  will  ] 

put  a  body  in  motion  muft  be  greater  than  the  force  which 
oppofes  its  motion,  otherwife  it  could  not  overcome  it ;  and 
hence,  if  there  were  no  other  objefiion  than  this,  it  is  evident, 
that  the  fri£tion  could  not  be  very  accurately*  obtained  :  but 
there  is  another  obje£^ioi\  which  totally  deftroys  the  experiment 
.fo  far  as  it  tends  to  {hew  the  quantity  of  friction,  which  is  the 
ilrong  cohefion  of  the  body  to  the  plane  when  it  lies  at  reft ; 
and  this  is  confirmed  by  the  following  experiments,     ift,  A 
body  of  1 2^  oz.  was  laid  upon  an  horizontal  plane,  and  then 
loaded  with  a  weight  of  81b.  and  fuch  a  moving  force  was  ap- 
plied as  would,  when  the  body  was  juft  put  in  motion,  continue 
that  motion  without  any  acceleration  %  in  which  cafe  the  fric- 
.tioii  ?nuft  be  juft  equal  to   the*  accekrative  force.     The  body 
-    v^as  then  ftopped,  when  it  appeared,  that  the  fame  moving  force 
vhich  had  kept  the  body  in  motion  before  would  not  put  it  in 
inotion,  and  it  was  found  necefTary  to  take  off  44  oz.  from  the 
body  before  the  fame  moving  force  would  put  it  in  motion ; 
it  appears,  therefore,   tliat  this  body,  when  laid    upon   the  - 
plane  at  reft,  acquired  a  very  ftrong  cohefion  to  it.     2dly, 
a  body  whofe  weight  was  16  oz.  was  laid  at  reft  upon  the  hori« 
zontal  plane,  and  it  Was  found  that  a  moving  force  of  6  oz. 
^ould  )ViAjput  it  in  motion  ;  but  that  a  moving  force  of  4  ox. 
^vculdi  when  it  was  juft  put  in  motion,  continue  that  motion 
without  any  acceleration,  and  therefore  the  accelerative  force 
*  fnuft  fhen  nave  been  equal  to  the  fri^ion,  and  not  when  the 
mpving  fprQc  oi  6  0^.  was  applied* 


^ 


From  thefe  experiments  therefore  it  appears,  bow  very  coa-^ 
Cderable  the  coheGon  was  in  proportidn  to  the  fri£bion  when 
the  body  w?s  in  motion  \  it  being,  in  the  latter  cafe,  almpft^-j^y 
and  in  the  former  it  was  found  to  be  very  nearly  equal  tb  the 
whole  tridi«in.  All  the  conclufions  therefore  deduced  from  the 
cxpLrinient5,  which'have  been  inftituted  to  determine  the  fric- 
tion fiotn  the  force  neceiTary  to  put  a  body  in  motion  (and 
very  few  have  been  defcribed  but  upon  fuch  a  principle),  have 
nianifellly  been  totally  falfe  \  as  fuch  experiments  only  fhew  the 
refinance  which- arifes  from  the  cohefion  and  frif^ion  conjointly* 
Mr.  Vince  concludes  this  part  of  the  fubjeA  with  a  remark 
upon  art.  5.  ^*  It  appears  (fays  he)  from  all  the  experiments 
which  Phave  made,  that  the  proportion  of  the  increafe  of  the 
fridion  to  the  increafe  of  the  weight  was  different  in  all  th£^ 
different  bodies  which  were  made  ufe  of;  no  general  rule  there- 
fore can  be  ellabliihed  to  determine  this  for  ail  bodies,  and  the 
experiments  winch'  I  have  hitherto  made  have  not  been  fufficient 
to  determine  it  for  the  fame  body." 

Such  are  the  refults  'of  Mr.  Vince's  ingenious  experiments. 
He  founds  upon  them  a  theory- which  tlie  curious  reader  may 
perufc  in  the  Philjfi^hical  TranfaJEHoru^  Vol.  75.  or  Nos.  65.  66. 
of  Tilioch's  Philofophical  Magazine,  but  which  is  not  inferted 
here,  as  it  does  not  feem  readily  applicable  to  any  prafKcal 
cafes. 

27.  An  ingenious  engineer,  Mr.  John  Southern  of  Bir- 
mingham, made  a  feries  of  experiments  upon  mills  ufed  for 
turning  grindflones,  with  a  view  of  corroborating  Mr.  VinceV 
pofition  that  FriSion  is  a  uniform  retarding  force.  And  thefe 
experiments  are  the  more  worthy  of  notice  as  they  were  made 
on  heavy  machinery,  with  confiderable  variation  of  velocity  of 
the  rubbing  furface,  and  great  fpaces  rubbed  over  :  the  weight 
which  caufed  the  fridion  being  upwards  of  33  cwt.,  the  velocity 
of  th^  rubbing  furfaces  4  feet  per  fecond  at  the  greateft,  and 
the  length  of  furface  rubbed  over  about  1000  feet  at  a  medium* 
Thefe  experiments  feem  to  confirm  the  opinion  that  fri^xoh  it 
a  uniform  refiftance,  at  leaft  where  the  rubbing  furface  movet 
with  a  velocity  of  from  9  inches  to  4  feet  per  fecond ;  and  Mr. 
Southern  concludes  from  them,  that  in  favourable  cafes  it  does 
not  exceed  the  fortieth  part  ef  the  preffure  or  weight  that  CC" 
^a/tofts  it* 

The  experiments  from  which  thefe  inferences  are  deduced, 
are  defcribed  in  No.  66  of  the  Philofophical  Magazine  juft  re- 
ferred to. 

28.  M*  Coulumi  has  an  extenfive  paper  on  the  fubjed  of  Fric- 
tion, in  vpl.  10.  ^*  Des  Afemoires  des  Savants  etrangers  /"  where 
.he  defaibes  his  experiments  at  confiderable  length,  and  deduces 
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from  them  an  dabofante  Atorj.  We  cannot  bert  enter  into  the 
detail  of  all  thefe  experiments :  but  fliall  merely  (late  M.  Cou- 
lumb's  principal  refults* 

This  geatleman's  concInCons  are  widely  different  from  Mr* 
Vince's  in  one  important  particular :  for  he  afierts  that  (ceteris 
fmr^us)  the  friffion  is  froportional  to  the  prejure.  The  mean 
ratios  of  fn&ion  to  preiTure,  given  by  M.  Coulomb's  expe* 
riments  for  different  kinds  of  wood,  are  as  follow,  the  prefiure 
being  denoted  by  unity. 

Oak  againft  oak    •     •     •     0*43 

Oak  againft  fir       •     •     •     o'<i5 

Fir  againft  fir  .     •    •     •     0*56 

Elm  againft  elm  .  •  •  0*47 
'the  frifUon  being  made  in  the  dire£^ion  of  the  threads  or  fibres 
of  the  wood*  But  when  the  fridion  is  made  acrefs  the  grain 
of  the  wood,  or  fo  that  the  dire£lion  of  the  fibres  forms  a  right 
angle  with  diat  of  the  motion,  the  fri&ion  is  lefs  than  in  die 
former  cafe,  but  ftill  in  a  conftant  ratio  to  the  prefTure ;  the  re* 
fttks  being  then  as  below : 

Oak  againft  fir       •     •     •     0*158 

Fir  againft  fir   «...    0*167 

Elm  againft  elm     .    •     .     0100 
Tbe(e  ratios  are  conftant  quantities,  not  depending  upon  the  ve* 
locities,  except  in  the  cafe  of  elm  when  the  prefTures  are  very 
iinall,  for  then  the  M&ion  increafes  fenfibly  with  the  velocity. 
M.  Coulumb  gives  the  following  general  fummary. 
*^  (i.)  The  fn^on  of  wood  Aiding  over  wood  (both  being 
dry)  oppofes  after  a  fufficient  time  of  quiefcence  a  refiftance 
proportional  to  the  preiiure ;  that  refiftance  fenfibly  increafing 
in  tiie  firft  iziflants  of  repofe :  but  after  fome  minutes  it  ufuaHy 
Arrives  at  its  maximum  or  its  limit. 

**  (a.)  When  wood  glides  dry  over  wood  with  any  velocity 
whatever,  the  fiidlion  is  ftill  proportional  to  the  preffure ;  but 
its  intenfity  is  much  lefs  than  that  which  is  experienced  in  de- 
taching die  furfaces  after  fome  minutes  of  reft :  it  has  been 
found,  for  example,  that  the  force  neceflary  to  detach  and 
produce  a  Aiding*  motion  in  two  furfaces  ot  oak  after  fome 
minutes  of  quiefcence,  is  to  that  necefiTary  to  overcome  the  fric- 
tion when  the  &r£Kes  have  obtained  any  degree  of  velocity 
whatever,  nearly  as  9  to  2» 

^  (3.)  The  Iridion  of  metald  Aiding  over  metals,  without 
oiling,  is  alio  proportional  to  the  prefiures  ;  but  its  intenfity  is 
the  ^me,  whether  the  furfaces  are  detached  after  having  been 
smy  time  in  repofe,  or  whether  they  preferve  any  uniform  ve- 
locity whatever 
<^  (4O  HetesofeQeouB  fur&ces,  fueh  as  Woods  and  oietals  ffidU 
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ing  the  ond  over  the  other,  without  cnled  furfaces,  give  for  their 
fri£tlon  refults  very  different  from  the  preceding  ones :  for  the 
intenGty  of  their  tri£kion  relatively  to  the  time  of  repofe  in~ 
creafes  flowly,  and  does  not  attain  its  limit  till  after  four  or  five 
days,  and  fometimes  more;  inftead  of  which,  in  metals  the  Jimit  ii 
attained  in  an  inftant,  and  in  wood  in  a  few  minutes :  this 
augmentation  is  even  fo  flow  that  the  refiftance  due  to  the 
fhdlion  in  infeniible  velocities  is  almoft  the  fame  as  that  which 
we  mail  furmount  in  moving  or  detaching  the  furfaces  after 
three  or  four  feconds  of  reft.  And  this  is  not  all :  in  wood 
gliding  unoiled  over  wood,  and  in  metals  Aiding  over  metalsj 
uie  velocity  has  very  little  influence  upon  the  fri£lion;  bu^ 
here  the  fri<^ion  increafes  very  fenfibly  in  proportion  as  the 
velocities  are  augmented  -,  in  fuch  manner  that  the  friction  m* 
creaf  s  nearly  according  to  an  arithmetical  progrefl^on,  when 
the  velocities  increafe  in  a  geometrical  progreffion." 

The  ratio  of  the  friction  to  the  preflure  ( i )  when  oak  was 
made  to  flide  over  iron,  was  found,  from  forty  experiments,  ta 
be  as  h/re  ft  -ted :  when  the  velocity  was  almoft  infenfiblei^ 
•0894,  "-773»  0785,  and  -0736:  when  the  velocity  was  aboitt 
afoot  per  fecond,  -1698,  '1722,  'iSi?,  and  *i573- 

29.  When  metals  Aide  upon  wood  done  over  with  grea(e» 
the  iriOiion.  fays  M.  Coulumb,  ^^  appears  much  foftened,  atd 
we  may  produce  infenCble  velocities  with  degrees  of  tra£lioi| 
}efs  confiderable  than  in  all  the  other  fpecies  of  lri£bion  \  but 
when  the  velocities  have  been  a  Uttle  augmented,  we  have 
found  that  the  fri£lion  increafes  greatly  with  refpe£l  to  the 
velocity,  as  was  the  cafe  when  we  made  unoiled  metah  ilide 
upon  wood ;  and  we  have,  for  the  relation  of  the  augmentation 
of  velocities  and  the  degree  of  tra&ion  whkrh  produced  that 
augmentation,  nearly  the  fame  law  with  that  we  fought  to  de- 
termine in  the  friction  of  metals  iliding  dry  upon  wood  :  but  if 
the  greafing  be  not  renewed  at  each  experiment,  it  coagulates^ 
(Ganges  its  nature,  and  the  fri£tion  fuccefllvely  augments*" 

*'  When  the  furfaces  are  done  over  witK  taUow»  thtf  ratio  o( 
the  frid^ion  to  the  preflure  is  greater  under  pccflUisea  of  ^shoi^t 
50  pounds,  than  under  greater  preflTures.  ^ 

^  With  cpatiflgs  (enduits^  plaftecs)  of  eartrgseafe  the  firi^^il 
is  never  lefs  than  4  of  the  preflTur^.  Its  refiftance  diq^ds  iqpoii 
the  confiftence  of  the  coating,  aod  the  fridion  atfgmen^  f«si«f 
Cibhr  as  this  coaling  is  fofter.  When  the  fuffiacea  are  ddHie  evet 
witn  tallow,  and  are  of  great  extent,  the  fri&ion  corrupts  or 
changes  the  natuve  of  Ihe  tallow,  and  augments  fenfibly  as  wa 
continue  the  motion  without  renewing  3if  coating :  yet  it  ia 
always  found  lefs  than  \  of  the  preflure*  But  wJtfaihe  taUpv 
«  diilUvMlQ  aa  ail»  tUa  cieft  10  U^  fcnfib^ 
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M.  Coulumb*s  experiments  on  the  fri£Hon  of  axis  will  tc 
defcribed  farther  on* 

On  comparing  the  refalts  of  Mr.  Vincc's  experiments  with 
thofe  of  M.  Couiumb's,  already  referred  to,  it  will  be  feen  that 
our  knowledge  on  this  branch  of  the  fubjcft  is  very  far  from 
being  fo  certain  and  fatisfaftory  as  is  defirable.  We  may, 
however,  how  deduce  a  few  pradical  inferences  from  tlic 
preceding  articles. 

(i.)  Friftion  is  diminiflied by  making  the furfacesfmooth  which 
move  upon  each  other.  But  there  is  a  limit  to  this  fmoothnefs  : 
for  the  furfaces  may  be  fo  highly  poliihed  as  to  render  the  at- 
traaion  of  cohefion  very  fenfible. 

(2.)  Friftion  is  diminiihed  by  anointing  the  rubbing  furfaces 
with  fome  unftuous  matter.  Thus,  in  wood  afting  again  ft 
wood,  olive  oil  reduces  the  fri£tion  to  nearly  its  half,  and 
metals  oiled  have  lefs  fri£lion  than  when  polifhed. 

(3.)  Friftion  is  diminifhed  by  diminifliing  the  furfaces  in 
contact  But  this  has  a  limit:  for  if  the  moving  furface  be  very 
thin,  and  the  other  foft,  the  former  will  plough  a  groove  in  the 
latter,  and  thus  have  the  fridion  increafed. 

(4.)  Fri£i;ion  is  diminifhed  by  difpoCng  the  parts  of  a  ma^* 
chine  in  fuch  a  manner,  that  the  ratio  of  the  velocity  of  the 
parts  which  rub  againft  each  other  to  the  velocity  of  the  power, 
snay  be  as  fmall  as  poffible. 

(5.)  Friftion  is  greatly  diminiflied  by  caufing  the  body  to  roll 
inftead  of  Aiding  along  the  furface.  This  is  in  fad  a  diftind 
fpecies  of  fri^iion,  and  will  come  under  confidcration  more 
f^Uy  foon. 

(6.)  Hence  in  machines,  left  the  fridion  fhould  employ  a 
great  part  of  the  power,  care  is  to  be  taken  that  no  part  of  the 
machiney7/d!f  along  another  if  it  can  be  avoided ;  but  rather  tlvat 
the  parts  (hould  roll  or  turn  Upon  each  other.  With  this  view 
'  it  will  be  proper  to  lay  the  axes  of  cylinders,  &c.  not  in  a  groove 
or  concave  matrix,  as  ufual»  but  upon  a  bc^rizpntal  bar  with  two 
vertical  pieces  to  keep  fuch  axes  from  rolling  off,  or,  bet^veen* 
little  wheels  csMQ^frUHon  wheels,  moveable  on  their  rcfpeftivc 
axes :  for,  by  this  contrivance  the  friftion  is  transferred  from 
the  circumference  of  thofe  wheels  to  their  pivots.  And  in  like 
manner  the  fri£fcion  may  be  ftill  farther  diminiihed  by  making 
the  axes  of  thofe  wheels  reft  upon  other  frifiion  wheels  that 
turn  round  with  them.  For  the  fame  reafon  fri£Hon  balls  or 
rollers  have  been  placed  within  the  naves  of  carriage  wheels ; 
and  lately  a  Mr.  Gamett  had  a  patent  for  an  improved  manner 
of  applying  fridion-wheels  to  anv  axis,  as  of  carriages,  blocks^ 
pulleys,  fcale-beams,  &c«  in  wtiich  the  enclofed  wheels  or 
rollers  are  kept  always  at  the  fame  diftance  by  conne£king  rods 
or  bars. 
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(7»)  Fridion  is  diminijEhed  by  caufiag  the  furface  of  one  kind 
of  fubftance  to  run  not  upon  the  fame  kind  of  matter,  but  a 
furface  of  another  material  equally  poliihed.  Thus,  pivots  pf 
fteel  meet  with  lefs  fri£tioh  when  they  Aide  in  grooves  of  copper^ 
than  when  the  grooves  are  of  ftecl  alio. 

(8.)  As  to  fridiion  in  the  mechanical  powers :  I.  The  JQmpte 
lever  ha^  no  fuch  refiftance,  unlefs  the  place  of  the  fulcrum  is 
changed  during  the  operation.  2*  In  the  wheel  and  axle,  the 
fridion  on  the  axis  is  nearly  as  the  weight  upon  it,  the  diameter 
of  the  axis,  and  the  angular  velocity.  This  fort  of  fri61ion> 
'  however,  is  very  fmall.  3.  The  fri£tion  of  the  pulley  is  very 
condderabld  when  the  (heaves  rub  againil  the  blocks.  4.  There 
is  alfo  very  great  fri£tion  in  the  fcrew :  if  the  fcrcw  has  a  fquare 
thread  it  will  raife  a  weight  more  eafily  than  one  with  a  tri-* 
angular  thread :  but  in  mod  if  not  all  fcrews  the  fridiion  is 
equal  to  the  power.  5.  In  the  inclined  plane  the  frid):ion  varied 
according  as  the  body  rolls  or  flldes ;  the  fri^lion  in  the  latter 
cafe  being  far  the  greateft,  6.  In  the  wedge  the  friftion  is  at 
lead  equal  to  the  power,  (ince  the  wedge  retains  any  pofition  it 
is  driven  Into. 

30.  Since  cords  and  ropes  are  not  perfe£lly  flexible,  it  be-* 
comes  neceflary  in  eftimating  the  advantages  of  pulleys,  cap<* 
Hans,  &c.  to  make  fome  allowance  for  this  want  of  flexibility : 
in  this  cafe  we  may  have  recourfe  to  a  theory  which  is  far  more 
fatisfaAory  than  any  which  has  yet  been  invented  with  regard 
to  frifiion,  and  which  accords  far  better  with  experiment.  The 
mod  ufeful  formulae  may  be  deduced  in  a  very  fmall  i:ompafs. 
Thus,  let  AC=CB=r,  the  radius  of  a  pulley  (fig.  3.  pi.  I.) 
and  two  wdghts  W  and  Qin  equilibrio :  if  w  (hould  prevail, 
it,  is  obvious  that  the  cord  DQ^ecomes  in  the  upper  part  bent 
fo  as  to  fit  to  the  groove  of  the  pulley,  and  in  the  lower  part 
bent  inwards  fo  as  to  fall  into  the  vertical  ^  W  :  if  the  cord  be 
tolerably  flexible,  the  curving  is  pretty  regular  from  B  almoft 
down  to  W :  but  if  the  cord  be  very  rigid,  BEW  and  ADQ 
are  found  to  be  nearly  (Iraight  lines,  but  neither  of  them  ver- 
tical ;  the  weight  QSeing  found  to  hang  vertically  below  fome 
point  as  Oy  making  C  a  greater  than  CA,  and  the  weight  W 
hanging  below  fome  point  b  where  C^  is  lefs  than  CB.  So  that 
as  the  arm  of  the  lever  at  which  one  of  the  forces  a£t  is  be-> 
-  come  greater,  and  that  of  the  other  lefs  than  r,  the  Condition 
of  equilibrium  is  no  longer  W=Q^ 

When  the  cord  is  only  moderately  rigid^  as  in  moft  pradical 
cafes,  the  diftance  B  ^  is  always  found  fo  extremely  fmall  that 
it  may  be  fafely  negle^ed  in  the  difcuflion ;  that  is,  we  need  in 
fuch  cafes  pay  no  regard  to  the  want  of  flexibility '  in  the  part 
BEW  correlpondbg  to  the  weight  W  which  is  fuppofed  tp  ^r^i» 
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vail;  but  merely  enquire  into  that  of  the  part  ADQJ)y  which 
the  other  weight  is  fufpended*  Hence,  if  we  put  Atf=f»  the 
condition  of  equilibrium  will  be  exprefied  thus ; 

trom  this  it  refults,  that  if  W  -Q^  the  magnitude  by  which 
we  fliould  augment  the  power,  that  it  may  he  on  the  point  of 

prevailing ;  and  if  we  have  regard  to  the  ftifFnef^  of  the  cord, 

»■  _ 

this  ttiagnitude  will  be  W  —  Q==Q^  — '      Confequently,  to  in^ 

traduce  tie  confideratwn  oftheJHffhefs  of  the  cord  employed  in  a  iwff- 
Mnty  ive  have  only  t4fuppofe  that  the  arm  of  the  lever  at  tuhich  thi 
trance  a£ls  is  greater  than  it  really  is,  by  a  determinate  quantity  q. 
It  remains,  then,  to  afcertain  this  quantity  ^.'  in  order  to 
which,  it  may  be  obferved  that  a  cord  refifts,  on  two  accounts^' 
the  efforts  which  are  made  to  bend  it.  The  firft  is  due  to  the 
tendon  of  the  cord,  and  is  proportional  to  it.  it  will  therefore 
be=iQ^  the  fecond  is  due  to  its  warping  or  twifting,  and  we 
may  reprefent  by  a  the  force  employed  to  overcome  it.  Here 
m  and  b  are,  as  is  manifeft,  variable  coefficients.  Thus,  for  one 
and  the  fame  cord  a+b  (i  may  reprefent  the  force  required  to 
bend  it :  but,  if  the  cord  be  changed,  the  diameter  d  will  be 
different,  and  we  may  conclude  that,  cateris  paribus^  the  force 
which  muft  be  employed  will  be  proportional  to  a  certain  power 
nof  d  i  for  the  force  neceffary  to  bend  a  cord  will  increafe  with 
Its  diameter :  this  power  will  decreafe  on  the  contrary  with  the 
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ladius  r  of  the  pulley ;  therefore  —  {a-^bQ)  may  reprefent  tha 

force  neceffary  to  overcome  the  ftiffhels  of  the  cord  $  n  being  aa 
yet  an  indeterminate  quantity.  This  value  being  the  augment** 
ation  which  muft  be  given  to  the  force  or  weight  W  that  it 
may  be  on  the  point  of  prevailing  over  the  refiftanCe  Q,  mufty 

from  what  is  before  (hewn,  be  equal  to  Q  ^.    Thus  we  havfs 

rf'(tf+*Q)=Qsr,  orsr=  J(tf+iQ)    •    .    .    (A). 

This  equation,  it  is  true,  is  .only  fumiflied  by  general  con« 
fiderations,  and  not  by  a  rigorous  inveftigation :  it  contains^ 
moreover,  the  unknown  coefficients  n,  a,  and  b,  varying  for  di& 
fere'nt  cords.  But  there  is  a  Gmple  method  of  finding  thefe  co* 
efficients,  and  of  affuring  ourfelves  that  the  ezpreffion  is  fuf- 
ficiently  exa^l  in  pra£^ice. 

31.  Choofe  any  cord,  and  after  bending  it  along  the  groove 
pf  a  pulley,  scs  the  cord  QDABEW  (fig.  3.)y  attach  to  it  two 
equal  weights^  and  au^aoent  one  of  them  tiU  it  is  juft  on  tbs 
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{loint  of  prevailing  fo  as  to  give  motion  to  the  fyftemy  marking 
tbe  difference  of  the  weights.  Make  a  fimilar  experiment  four 
times,  taking  as  many  different  values  of  W  and  or  Q,  alfo  of  r.* 

fi>  (hall  there  be  obtained  four  values  of  W  —  Q,  that  is  to  fay, 

■ 

Aft 

of  —  (tf+3Q}>  which  will  fomlfli  four  equationt*    Putting  ep 

/,  gf  b,  thefe  valuesi  and  denoting  by  r,  r,  r",  r ",  the  feveral 
radii  of  the  pullies,  and  Q,  Q',  Q ',  Q%  the  weights  employed 
in  their  turns,  we  (hall  have 

Of  thefe  equations  the  three  firft  feprc  to  difcover  the  values  of 
n.  Of  and  b  ;  and  the  lad  enables  us  to  affure  ourfelves  whether 
the  formula  (A)  has  the  accuracy  we  wiffi. 

32.  As  to  experiments  on  the  rigidity  of  ropes  and  cords,  we 
know  none  of  any  great  importance  and  extent  befides  thofe  of 
M.  Couhimb.  lliefe  experiments  were  made  with  two  kinds 
of  apparatus,  one  contrived  by  M.  AmontonS,  the  other  by  M« 
Coulumb  himfelf :  the  experiments  made  by  means  of  one  in- 
ftrument  corroborated  the  refults  of  thofe  made  by  the  other : 
but  we  iball  here  merely  defcribe  the  experiments  by  means  of 
'  AI.  Coulumb's  apparatus,  which  we  prefer  becaufe  it  was  con- 
trived to  afcertain  at  the  fame  time  that  kind  of  fri^ion  which 
18  occafioned  by  the  rolling  of  cylinders  upon  horizontal 
planes. 

The  s^paratus  confifts  of  two  treffels  of  6  feet  in  height,  and 
fufficiently  folid  and  firm,  on  which  there  are  laid  two  pieces  of 
iquared  wood  $  upon  thefe  two  pieces  of  wood  are  fixed  two 
rulers  of  oak  well  planed,  DD,  D'  D'  (fig.  4.  pi.  I.  nos.  i.  a.), 
and  poliihed  with  a  little  fi(h-(kin :  then  two  cylinders  of 
lignum  vitse  are  procured,  one  of  6  inches  diameter,  the  other 
of  two  inches ;  together  with  feveral  cylinders  of  dm  from  z 
to  I  a  inches  in  diameter. 

Thefe  things  prepared,  in  order  firft  to  find  the  fridion  of  the 
rollers,  they  are  laid  horizontally  upon  the  two  rulera  of  oakf 
and  croifing  their  dirediions  perpendicularly,  as  reprefentcd  ia 
fig*  4.  no.  2.  the  rulers  being  in  a  perfc&ly  horizontal  poficipa; 
then  fitfpend  on  each  fide  of  the  roUer  in  lUc  a  weight  of  5olbs« 
with  verv  fine  and  flexible  packthread  \  or  indeed  by  n>eaas  o£ 
feveral  luch  threads  diftiibuted  over  the  roller,  and  charged 
each  with  50  lbs.  on  each  fide,  produce  upon  the  rulera  -joij  d&» 
terminate  prdTure  1  and  ascertain  by  the  aid  ol  little  coumti** 
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weights  fufpended  alternately  on  the  different  fides  of  tihe  roller 
what  will  oe  the  force  necefiary  to  give  it  a  motion  barely, 
ienfible* 

The  fri£tion  of  the  rollers  being  eftimated  by  the  preceding 
method,  it  will  be  eafV  to  allow  for  it,  when  in  (lead  of  the  very 
flexible  packthread,  the  cords  or  ropes  of  which  th6  ftifftiefs  is 
to  be  determined  are  fubftituted.  And  this  new  determination 
will  be  made  in  the  fame  manner  as  with  nfpcft  to  the  nafcent 
liridion  by  fufpending  the  little  weights  alternately  on  each  fide 
of  the  roller,  to  that  they  (hall  give  it  a  motion  juft  perceptible. 

It  is  obvious  to  remark  that  this  method  of  eflimating  the 
cfFcfts  of  the  rigidity  of  cords  will  fumifh  refults  direcily  ap- 
plicable to  the  preceding  formulae :  for  the  weights  which  pro- 
duce the  very  fmall  motion  in  the  cylinders  will  be  precifely 
equal  to  the  augmentation  of  the  refidance  arifrng  from  the 
ftiffhefs  of  the  cord,  eftimated  In  the  direftion  of  that  portion 
.  of  the  cord  to  which  the  refiftance  is  applied  that  reprefents  the 
ufeful  efFe£l  of  the  machine. 

33.  We  {hall  firft  exhibit  the  refults  of  M.  Coulumb's  ex- 
periments, on  the  fecond  fpecies  of  friftion,  produced  by  roUers 
of  lignum  vits  of  6  and  of  2  inches  diameter. 


Charge  of  the  rollers, 
their  weight  being 
comprised. 

Weights  which  pixxluce  an  extremely  slow  motion,  the 
diameter  of  the  rollers  being 

6  inches 

ft  inches 

100  lb. 
'  soo 
1000 

o'6 
6*o 

1-6 
i8'o 

From  this  table  M.  Coulumb  infers  that  the  fridion  of  cy- 
linders which  roll  upon  horizontal  planes,  is  dire£Hy  as  the 
preflures,  and  inverfely  as  the  diameters  of  the  rollers.  He 
alfo  found  that  greafmg  the  furfaces  did  not  here  caufe  any 
fenfible  diminution  in  the  fridion. 

Note*  The  foot  and  the  pound  fpoken  of  throughout  thefe 
experiments  are  thofe  of  the  ancient  Paris  ftandard  :  we  have 
not  reduced  them  to  Englifh  meafures,  fince  the  dedudions 
founded  upon  the  experiments  does  not  render  this  necefiary. 

Rollers  of  elm  produced  a  frifliqn  of  about  the  ^  greater 
dian  lignum  vitee.  And  under  fmall  preflures  the  fri£lion  was 
rather  greater  than  would  refult  from  the  law  of  fri£iion  being 
proportional  to  the  preflure. 

34*  We  fliall  next  prefent  the  refults  of  M.  Coulumb's  ex- 
periments upon  the  rigidity  of  cords,  and  different  rollers  be- 
tween 2  and  12  inches  in  diameter :  the  dedu£^ion  for  the 
fri^lion  is  ftated  in  the  table,  and  a  comparative  column  exhibits 
the  rigidity  deduced  from  the  experiment9  made  with  the  ap- 
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pi^rattts  of  Amdntons.    The  cordji  wece  of  three  kixids :  Nd.  r^ 
of  6  threads  in  a  yaTn^  or  2  in  a  ftrand,  the  circumference  iz^ 


lines,  and  weight  of  a  foot  in  length  ^i  drams.  No.  2,  of  i$ 
threads  in  a  yarn»  or  5  in  a  thrand^  ctroumference  2o  luies» 
weight  of  a  foot  in  length  laj- drams.  No.  3,  of  30  threads 
in  a  yam,  or  10  in  a  (brandy  circumference  a8  lines^  weight  of  a 
foot  m  length  244  drams. 


dtilinessortlie  Gor£ 


? 


3. 

3 

sr 


Cords 

lued  in 

the  eicpe- 

rixnentt. 


Kinds  of 
wood: 
diameter 

mnd 
weight  of 

the 
roUera. 


WeighU 

huQg>on 

each  side 

the  roller 

in  lbs. 


Coni 


z'     Elm     N 
No.  3:of  )  "  i^<^»»«^  / 

-  i    weight    1 

'  V.  xrolbs.  J 


ma  yarn 


Idein. 


Idem. 


Elm 

6  inches 

diameter, 

weight 

%S  lbs. 

Ouiacum 

6  inches 

diameter, 

weight 

50  lbs. 


xoo 
300 
500 

200 


Addition, 
weight 
to  sur- 
mount 
friction  of 
roller  and 
stiffness 
of  cords. 


Total 

charge  of 

thenilen 

which 

support 
the 

roller. 


5  lbs. 


20O 


Cord      f  Guiacnm  '\ 

Cord     ^ 

6thi^  \^^^ 
in  a  yam.  J 


*5 
200 

»5 
100 

200 

500 

100 
200 


IX 


20 


tS 


16 


Z^5 
72Z 

1 130 


443 


XX 


5» 


6 


zx 

44 


3 
6 


466 

456i 

ioi| 

461 

io74 


451 

456 


Prtction 
of  the 


Valued 
by  Cott* 
lumb's 
appa- 
ratus. 


>"5 

3-6 

5-6 


v% 


I 


2-8 

6-4 


17 


35 

7*4 

»4-4 


X3*» 


YMnsd 

byAmon- 
tons*  ap- 
paratus. 


4*4 
zo'4 

16*4 


14*8 


8-2 
17:6 


3-3 


7** 
X7-8 


31 


From  this  table  it  will  be  feen  that  the  method  of  Amontons 
and  that  of  Coulumb  fumifli  nearly  the  fame  refults:  M. 
Coulumb  afcribes  the  differences  where  greateft  to  the  circum* 
ftance  of  the  cords  having  been  more  ufed  previous  to  their 
being  talcen  for  one  kind  of  experiment  than  for  the  other. 

35.  M.  Coulumb,  before  he  commenced  the  experiments 
upon  thefri^iion  of  axes»  caufed  the  pulley  to  turn  on  its  axis 
during  fuch  a  time  and  with  fuch  a  velocity  as  was  neceflary  to 
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eBable  the  furf aces*  ia  contact  to  acquire  all  the  pdiih  aiu( 
pUbnefs  of  whkb  they  were  fu£cept3>le.  The  chief  objed  held 
m  Tiew  in  the  experimtntt  of  which  we  now  fpeak  was  to  de« 
tcrmine  the  fri&ion  of  the  axes  of  machine9  in  motion.  M. 
Couluinb  theiefove  caufed  the  fuipended  we%hu  to  run  over  a 
fpace  of  6  fte%  and  to  meafure  feparately  by  half  feconds  the  time 
employed  to  run  over  the  firft  three  feet^  and  that  occupied 
in  running  over  the  laft  three  feet.  The  follpwing  table  con- 
tains die  refults  of  experiments  on  the  fri£tion  of  ases  of  iron 
ill  boxes  of  copper:  the  axis  ufed  was  19  lipes  in  dinmeter* 
Mid  had  a  play  of  xjr  lines  in  the  copper  box,  the  pulley  was 
144  lines  in  diameterj  and  weighed  14  pounda. 
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The  weights  eraployed  to  bend  the  cord,  and  which  are  con- 
tained in  the  4ch  column,  were  calculated  from  the  tenfions  ex- 
prcfled  in  the  gth  column,  by  means  of  the  formulas  alreadj 
given,  a"d  the  refults  of  feme  previous  experiments.     Thele 
(weights  being  fubtra£ted  from  thofe  of  the  6th  column*  which 
put  the  fyftem  in  motion,  Jeave  the  weights  employed  in  over- 
coming the  frlflion.      Thefe  latter  weights  a£ting  at  a  di- 
(bance  from  the  centre  of  rotation  equal  to  the  fum  of  the  radii 
*  of  the  pulley  and  the  cord ;  the  friftion  which  is  exerted  upon 
the  axi«,  and  which  in  the  cafe  of  a  very  flow  motion  may  be 
confidercd  as  making  an  equilibrium  with  thofe  weights,   is 
therefore  equal  to  the  produ£t  of  thofe  weights  into  the  ratio 
pf  the  fum  of  the  radii  of  the  pulley  and  the  cord,  to  the  radius 
pf  the  axis,  which  ratio  is  very  nearly  7  to  i,  when  the  weight 
is  fufpended  by  a  thin  packthread,  and  nearly  7*2  to  i,  when 
ft  is  fufpended  by  the  cord  No.    I.     From  thefe  confidera- 
tions  the  9th  column  was  calculated.    The  weights  comprifed 
in  the  8th  column  are  compofed,     i.  Of  the  weight  of  the 
bulley  or  cylinder ;  2.  Double  the  correfponding  weight  in  the 
5^th  column  ;  3.  flic  weights  contained  in  the  6th  coinmn;  for 
the  fum  of  thefe  evidently  compofe  the  prefiure  tipon  the  a^is. 
Hencc>  to  find  the  ratio  of  the  friftion  to  the  preflurc,  as  ex- 
preiled  in  the  loth  column,  it  is  only  neceflary  to  divide  any 
tiumber  in  the  9th  column  bv  the  correfponding  one  in  the  8th. 
'    j(5.  When  it  is  proper  to  nave  regard  to  the  velocity  of  the 
iweight,  to  afcertain  the  effort  which  furmounts  the  fri<fiion  and 
the  uifFnefs  of  the  cord«  we  may  obferve  at  once  that  in  this  ci^fe 
the  motion  is  nearly  a  uniformly  acceleiratcd  nnXion,  fince  the  fifft 
3  feet  are  defcribed  in  a  time  about  double  that  employed  in 
running  over  the  laft  3  feet.  It  remains,  therefore,  to  learn  what 
p^rt  fir  of  the  addttionn}  weight  ftated  tn  the  6th  column,  i»4iidi 
we  call  Wf  was  employed  in  accelerating  the  motion  of  die  fii{^ 
pended  weight  ^  for  the  bther  part  of  the  additional  weighty 
viz.  iv^w'y  is  manifeftly  that  which  furmounts  the  fri£Hoaand 
ihe  ftifFnefs  of  the  cords.    Now  /  being  the  time  of  the  whole 

4efcent^  the  au:celerating  force  which  has  place  is  equal  to  -^ ; 

and,  naming  W  the  total  fum  of  the  weight  hanging  upon  the 
pulley  comprifing  In  it  7  pounds  for  the  inertia  of  die  pulley, 
whicn  weighed  14  pounds,  and  g  the  accelerating  force  of  gra- 

•         •        •        w  • 
vity,  the  mafs  put  in  motion  will  be  — ^|  and  the  produf^  of  diat 

6 

mafs  by  the  accelerating  force  will  be  — r  ^j —  >  which  being  fub- 
trailed  from  the  additional  weight  which  put  the  pulley  in  mo- 


^ig^nefs  of  Cords*  5^ 

tion,  gives  the  quantity  w  ~  w',  or  thfe  part  of  the  weight «;  em- 
ployed to  overcome  the  ftiffiiefs  of  the  cord  and  the  friflion. 

It  appears  from  the  7th,  8th>  9th,  loth,  ttth,  slnd  12th  ex- 
perimentS)  that  the  friSion  of  axes  of  iron  in  boxes  or  cheeks  of 
copper  is  much  lefs  foftened  by  the  cart-greafc  than  by  tallow. 

ay.  M.  Coulumb  has  likewife  endeavoured  to  afcertain  the 
fri&ion  of  axeft  of  rotation  made  of  the  different  kitids  of  ^ood 
which  are  commonly  found  in  rotatory  machines.  To  render 
the  friflion  more  fenfible  be  ufed  pulleys  of  12  inches  mounted  * 
upon  axed  of  3  inches;  fometimes  the  axed  were  hnmoveable^ 
at  others  they  moved,  but  in  both  cafes  the  fridion  wa^  the  ' 
fame  :  the  proper  precautions  were  adopted  to  fmoothen  the  fur- 
faces  in  oontad^y  and  thence  to  avoid  the  uncertainty  and  irre- 
gularity which  might  otherwlfe  have  attended  the  refultd. 

Ratio  of 
friction 
Kinds  of  wood  ufed  in  the  experiments.  to  pressure. 

Axi8<rf  holm-oaky  box  of  lignum  vitac,  coated  with  7  ^ 

talk>w 5 

Ditto  the  coating  wiped»  the  furface  remainihg  oily      .    ci*o6 
Axis  and  box  as  before,  but  ufed  feveral  times  with- 7     0*06 

out  having  the  coating  refrefhed 5     ^'^^ 

Axis  of  holm-oak^  box  of  elm,  coated  with  tallow  .     •      0*03 
Ditto  both  avis  axid  box  wiped^  furfaces  i^maining  oily      0*05 
Axis  (^  bottree,  box  of  Kraum  vitfe,  coated  with  tallow    0*^43 
Ditto  the  coating  wiped,  the  furfaces  remaining  city    *     o  07 

Asii  ^  bottree^  box  of  elfn •    .      0-035 

Ditfo  the  coating  wiped  off «    •    »     0*05 

Axii  of  irdfi^  box  of  lignum  vitse,  the  coating  wiped  7 

off,  and  the  pirllcy  turned  for  foflie  time     ...    3     ^'^^ 
The  velodty  does  not  appear  to  influence  the  friction  in  any 
fenfibk  manner,  except  in  the  firft  inftants  of  motion  :  and  in 
every  cafe  the  fti^ton  is  leaft,  not  wl>en  the  furfaces  are 
plaftered  olaer,  but  when  they  are  merely  oily. 

?8.  The  experiments  on  me  ftifihefs  of  cords  defcribed  (art. 
were  made  in  cafes  of  motions  nearly  infeniible ;  but  M. 
Coulomb  enquired  whether  with  a  finite  velocity  the  refulting 
efie£l  of  the  ftiffhefs  of  the  cord  were  augmented  or  diminiChed. 
For  this  purpofe  he  took  a  pulley  and  box  of  copper,  and  ax¥ 
axis  of  iron  done  over  with  tallow :  the  diameter  of  the  pulley 
was  144  lines,  and  that  of  the  axis  204  Hues ;  and  the  cord  Was 
one  of  jjo  threads  to  a  yam,  or  No.  3.  of  whith  the  ftiffhefs 
with  ttiftO.  to  infeniible  velocities  was  determined  by  fome  of 
the  foregoing  experiments.  The  enfuiftg  table  (hew^  the  re- 
ftdts  of  the  experiments  :  the  weights  were  made  to  run  over  a 
diftaUce  of  6  feet,  and  the  times  of  defcribing  the  firft  three  afnd 
the  )aft  three  feet  were  meafured  by  a  half-fecond  pendulum- 
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—  I 


loolbs. 


Part  of 
wt.to 
over- 
come 

friction 
and  n- 
gidity. 


Motion  of  the 
weights  hung  upon 
thepidley.  . 


a. 


«oe 


400 


600 


Slow  and  continued 
firtt  3  feet  in  3 ' 
la«t  3  feet  in  tj*' 
firsts  feet  in  1^ 
.  Jast  3  in  i^" 
Sloiv  and  uncertain 
first  3  feet  in  6" 
last  3  in  3'' 
first  3  feet  in  3^"^ 
last  3  in  ij" 
Slow  and  uncertain 
first  3  feet  in  6" 
Ia«t  3  in  3'' 
first  3  feet  in  3 ' 
last  3  in  a' 
Doubtful  andronti. 
first  3  fytt  in  6** 
last  3  in  ^y 
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acting 

atex> 

tremit) 
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Pres- 
sure  on 
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axis  inbey^ba- 


laocing 
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Aiction 


a-^lbs. 


of  the 

cord 

deduced 

from  the 

weights 

which 

moi-e  the 

pulley. 


of  the 
Cord  esti- 
mated 
Irom  its 
tension 
and  for- 
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penm* 


4'9  lbs. 


4*5 


834 


1*35 


4'9 


97 


61 


AS 


10-8 


i7'o 


4*0  lb&. 


6*6 


11-8 


17*0 


It  appeared  in  the  tabic  (art.  34.)  that  to  bend  the  cord 
no.  3.  of  30  threads  in  a  yarn,  about  a  roller  of  la  inches  di- 
ameter, and  with  a  tenHon  of  5oolbs»  would  require  a  weight 
of  14-4  lbs : ,  of  which  weight  the  conftant  part  due  to  the 
fabrication  of  the  cord  is  aboyt  i  *4  lbs :  thi»  value  may  be 
retained ;  but  it  will  be  here  proper  to  deduce  the  part  due  to 
the  tenfion  of^thc  cord  by  the  quintal  to  -f  (14*4— i •4.)  =- 
T^  i^z=2'6lb8.  From  thefe  data  the  lad  column  to  the  right  of 
th(^  ^Dove  table  wa$  computed* 

39«  To  complete  the  objed  of  the  experimentt  it  isneceilary 
to  have  the  ftiffhefs  of  the  cord  without  aflerting  any  thine  a 
priori  on  the  values  which  had  been  previoufly  found  for  fuch 
Tigidity.  To  this  end  M.  Coulumb  has  eftimated  the  fri&ion 
of  the  axis  from  its  charge  and  the  es^periments  of  art.  3r  • 
where  it  appeared  that  this  friction  was  independent  of  its 
,  velocity  and  equal  to  0-087  of  the  preflUre.  This  fri^ion 
which  is  e)certed  at  the  furfacc  of  the  axis  being  computed  and 
the  radius  of  the  axis  being  to  tlie  diftance  between  the  centre 
pf  rotation  and  the  middle  of  the  cord  as  1  to  7^5,  it  will  be 
caly.to  calculate  th^  weight  which  aAing  in  the  vertical  di- 
rettion  of  the  middle  of  the  cord  may  be  in  equilibrium  with 
fhe  fritHon  in  ^acb  experiment ',  and  thefe  weights  are  con- 
faincd  ip  the  fevcnth  column.    Subtrading  thefe  weights  from 
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tlie  additional  weights  contained  in  the  third  columi],  inamelf 
thofe  which  put  the  pulley  in  motion,  we  have  in  the  cafe  of  a 
very  flow  motion  the  values  of  the  weights  which  jufl  fumiount 
ihe  (ti£Fnefs  of  the  cord  ^  thefe  weights  are  comprifed  in  the  8th 
icolumni  and  difier  but  little  from  thofe  calculated  immediately 
and  contained  in  the  9th  column. 

40«  Now  to  know  if  the  greater  or  lefs  velocity  of  the 
weight  fufpended  upon  the  pulley  has  any  influence  upon 
the  refiftance  due  to  the  ftiffhefs  of  the  cord,  we  muft  in 
the  cafe  of  the  motion  calculate  what  portion  of  the  ad- 
ditional weight  hung  upon  the  pulley  is  employed  in  overr 
coming  the  fri&ioq  and  the  rigidity  of  the  cord.    Here  the 

formula  of  a  preceding  article  has  its  application,  v;' =- — ^  •  for> 

the  time  occupied  by  the  weight  in  defcribing  the  laft  three  feet 
being  nearly  the  half  of  that  employed  in  defcribing  the  firit 
three  feet,  the  motion  may  be  confidered  as  uniformly  accele«« 
rated,  and  the  quantities  w  —  w\  which  refuk,  and  are  coo^ 
tained  in  the  4th  column,  difier  but  little,  as  is  manifeft,  from 
the  weights  employed  to  overcome  the  friction  and  the  ftifFnefs 
of  the  cords,  in  the  cafe  of  an  extremely  flow  motion.  And, 
as  it  appeared  from  the  preceding  experiments  that  the  fridion 
was  independent  of  the  velocity,  or  that  it  oppofed  the  fame 
rellftance  to  the  motion  in  the  difierent  trials  for  each  ex« 
periment ;  it  hence  follows  that  the  refinance  arifing  from  the 
itLSbefa  of  the  cord  was  likewife  conftant  in  the  fame  triads,  aad 
d^endid  not  t/pon  the  velocity ^  at  lea/l  in  any  fuch  fenJihU  manner 
ps  to  merit  our  regard  in  computing  the  powers  of  machinei^ 

41.  The  invariablenefs  of  the  refiftance  occafipned  by  the 
ftiffhefs  of  cords,  under  different  velocity,  appears  alfo  imme- 
diately from  the  refults  comprifed  in  the  5  th  column  of  the 
tuble,  which,  as  before  obferved,  proves  that  the  motions  were 
nearly  uniformly  accelerated.  And  from  this  property  it  fol* 
lows,  that  there  is  always  a  conftant  part  of  the  weight  or 
power  employed  in  furmounting  the  frid^ion  and  the  ftifiiiefs  of 
the  cords. 

**  Neverthelefs,**  adds  M.  Coulumb,  **  it  muft  be  acknow- 
Jedged,  that  it  is  not  Jtrictly  true,  that  the  augmentation  of  ve- 
locity does  not  augment  the  rcflftance  due  to  the  rigidity  of 
cordage.  This  augmentation  appears  efpecially  perceptible 
when  the  cords  are  ftretched  with  weights  or  by  forces  that  arc 
under  100  pounds.  I  have  eftimated,  by  many  trials,  that  in 
fuch  cafes  a  velocity  of  8  feet  per  fecond  would  increafe  by 
nearly  a  pound  the  refiftance  occaGoned  by  the  ftiffnefs  of  our 
cord  of  30  threads  in  a  yarn  :  but  this  augmentation  of  reliftance 
feems  to  be  a  conftant  quantity  for  the  &me  degree  of  velocily. 
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irhatever  tli«  tenfi<m  may  be ;  in  fuch  fort  that  it  ceafes  to  bt 
perceptible  under  great  tenfions,  and  that  there  are  but  very 
few  circumftances  in  which  it  may  not  be  negle£led  in  practice : 
this  augmentation  with  regamd  to  the  velocity  appears,  befides, 
much  greater  in  new  than  in  old  cord^,  and  m  tarred  cord^ 
than  in  thofe  which  are  white  or  untarred*^ 

41.  M.  Coulumb  deduces  from  thefe  experithents  the  follow- 
ing general  conclofions : 

(i.)  That  with  rcfpect  to  praflice,  in  all  rotatory  machines 
the  ratio  of  the  prefTure  to  the  fridion  may  always  be  fuppofed 
conftant^  and  that  the  influence  of  the  velocity  is  too  fmall  to 
need  our  regard. 

(a.)  That  the  rc&ftance  which  muft  be  overcome  to  bend  a 
cord  over  a  roller  or  pulley  is  reprefented  by  a  formula  com* 
pofed  of  two  terms ;  the  firft  is  a  ccmftant  quantity  independent 

of  the  tenlion>  and  of  the  form  —  (art.  31.)  where  a  is  a  con- 

ftant  quantity  determined  by  experience,  d'  is  a  power  of  the 
diameter  d  of  the  corcl^  and  t  the  radius  of  the  roller  i  the 

fecond  term  b  — Q,  where  ^  is  a  conftant  quantity,  d^ »,  and  r, 

as  beforey  and  Qjhe  lenfion  of  the  cord.    Thus  the  complete 

formula  exprelBng  the  ftifTnefs  of  the  eord  is  —{a-^-b  Q).    The 

power  n  varies  according  to  the  flexiblHty  of  the  cord,  but  is 
ufually  about  1*7  or  vt^  or  the  refiftance  is  nearly  proporttonaA 
to  the  fquare  of  the  diameter  of  the  cord :  when  the  cord  is 
much  ufed  n  decreafes  to  1*5  or  even  1.4.  The  following  is  a 
fummary  of  refuks. 


rf»      **•      rf» 


=  r2  .    . 

=  0*2    ..     . 

.      ==    2*2 

=  2'0    .      . 

=o*4   .     . 

.     =  s-6 

.    =  a-4 

o©  =L  9'0 


White  \  of  30  threads  ma  yam  •  - 11=24.2.  ~*. 

Cord^   1  "^'5 

1-6 

Tarred  fo^S®  threads  in  a  yarn  . 
Cord,  >-'J    ...... 

43.  Our  knowledge  of  the  nature  of  the  fri£lion  of  axes,  and 
ftiffhefs  of  cords,  though  confefTedly  very  imperfeA,  may  be 
introduced  into  the  computation  of  the  power  01  machines :  this 
inay  be  illuftrated  by  an  exampie  of  a  capftan  or  wiudhfs, 
where  the  general  formula  for  an  equilibrium  will  be  this : 

PR=QR'+  7^  +  d'  {a+i  Q) 
nAittt  F  npseUnts  the  powvr,  and  ike  etfier  ktien  as  below^ 


The  Ca0any  allowitig  for  Fri^ion,  iic.  4i 

The  weight  to  be  elevated^  b 
Q==iooolbs. 
The  radius  of  the  axis  or  pivot^  which  is  of  iron,  is 

r=:  2  inches* 
This  axis  turns  in  a  box  of  copper :  the  radius  of  the  cylinder 
about  which  the  cord  is  rolled,  is 

R'=io  inches. 
The  arm  of  the  capftan,  or  the  radius,  or  diftance  at  which  fhd 
men  exert  their  force,  is 

R  =  I  o  feet  =  1 20  inches. 
The  pivots  are  fuppofed  to  have  been  plaftered  with  tallow  fome 
time,  and  the  inftrument  often  ufed,  till  the  ratio  of  the  fric- 
tion to.  the  preflure  is  reduced  to  that  of  experiment  15  in  the 
taUe  of  article  35.  whence  we  have  that  ratio,  or 

/=o-i33,  and  \/I+rr=7;j;S5i. 

The  cord  is  fuppofed  tarred,  and  of  120  threads  in  a  yam^ 
which  will  fupport  12  or  14000  lbs.  without  breaking.  Now 
a  tarred  cord  or  30  threads  in  a  yam  requires  a  conftant  effort 
equivalent  to  6*6  lbs.  to  bend  it  about  a  roller  of  2  inches  radius, 
and  an  effort  proportional  to  the  tenfion,  of  z  1*6  lbs.  for  a  quin- 
tal, or  iidLlbs.  for  1000  lbs.  Here  the  radius  of  the  cylinder 
being  lo  inches,  we  muft,  iirft  fuppofing  the  cords  equal,  diniini& 
thefe  effcMts  in  the  ratio  of  lo  to  2,  viz.  make  their  fum  =  ^ 
(6"6  +  ii6)  for  1000  lbs.,  and  = -,V  {6*6+g^xn"6)  for  8000. 
And  as  the  cord  is  of  120  threads  in  a  yarn  inftead  of  30,  we 
muft  increafe  the  laft  refult,  in  the  ratio  of  30  to  120,  fo  (IialL 
we  have  4x4  (6*6  -fp'iS) =747*7  for  the  effort  which  will  fiw> 
mount  the  ftiffhets  of  the  cord,  that  is 

^(«+*Q)=747> 

And  fine*  R'=io,  we  have  d'  {a'\-bQi)^^^^^^ 
Thefe  values  being  fubftituted  in  die  general  formula  it  be- 
comes 

Pxi2o=(8oooxio)+-?2^^+7477» 

or,  P=666-6+ 1.7*577 +62'3=:74(S*5  lbs. 
It  will  be  neceffary  therefore  to  diftribute  at  the  extremities  of 
the  bars  of  the  capftan  efforts  whofe  fum  (hall  be  eijuivalent  to 
746-5  lbs. :  that  is,  if  a  man  makes  an  effort  balancmg  25  Ibs.^ 
30  men  will  be  required  to  move  the  weight  of  8000  Ids.  Had 
there  been  no  friction  and  were  the  cords  perfedly  flexible,  the 

8000 
force  neceflary  would  have  been  only  -^  or  666'6^  lefs  dnti 

the  other  by  almoft  80  pounds,  a  difference  which  is  more  than 
equivalent  to  the  force  of  three  men.    So  that  in  this  example 
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the  ftidion  and  rigidity  of  the  cord,  require  an  increafe  of  be- 
tween an  8th  and  a  9th  of  the  whole  power  which  would  other- 
wife  have  been  requilite. 

Thisy  however,  we  wifli  to  be  received  only  as  an  approxima- 
tion* The  details  which  have  been  here  entered  into  will,  we 
truft,  be  found  of  fome  utility  in  direding  the  pra£lice,  and 
may  fumiih  fome  hints  to  thofe  who  have  time  and  inclina* 
tion  to  adopt  other  (eries  of  well-condu£ked  experiments ; 
and  thus  fupply  thefe  n^oft  important  defiderata  in  pra£licat 
mechanics. 

On  the  Energy  of  Firji  M&oers. 

44*  The  conGderation  of  the  abfolute  and  relative  forces  of 
different  kinds  of  firft  movers  is  of  too  great  confequence  in  the 
application  of  mechanics  to  be  entirely  omitted  in  this  perform* 
ance :  we  fliall,  therefore,  prefent  the  reader  with  fome  ob- 
fervations  and  tables  refpefting  the  chief  clafles  of  powers  ufed 
to  drive  machinery,  viz.  water,  air,  (team,  gunpowder,  and 
animal  exertion. 

Water  is  generally  made  to  operate  upon  machines  by  means 
of  its  momentum  when  in  motion :  but  it  may  alfo  be  ufed, 
and  that  as  a  very  powerful  mover,  when  a£ling  by  its  preflurt 
merely.  In  the  theory  of  hydroftatics  (art,  387.)  vre  ex- 
plained the  principle  of  the  hydroftatical  paradox,  in  which  it 
IS  afferted  that  any  quantity  of  water  or  other  fluid  may  be 
made  to  fupport  any  other  quantity  or  any  weight  however 
great,  and  indeed  to  raife  the  greater  ^^'ght  until  it  reaches 
fuch  a  height  as  enfures  the  equilibrium.  Thus  in  the  hydro- 
ftatic  bellows  the  weight' of  a  few  ounces  of  water  Is  made  to 
Taift  feveral  hundred  pounds.  And  in  like  manner  Otto  Guc- 
ricke  of  Magdeburg  made  a  child  balance,  and  even  overcome^ 
the  pull  exerted  by  the  emperor's  -fix  coach  horfes^  merely  by 
fucking  the  air  from  beneath  a  pifton.  This  great  power  de- 
pends upon  the  fundamental  property  of  fluids,  that  they  prefs 
equally  in  all  direBions.  Mr.  Bramah,  an  ironmonger  in  Pic- 
cadilly, has  lately  obtained  a  patent  for  a  machine  afting  as  a 
.  prefs  on  this  principle  of  the  quaqua  verfum  prefTure  of  Huids : 
A  piflon  of  ^  of  an  Inch  diameter  forces  water  into  a  cylinder 
of  1 2  inches  diameter,  and  by  this  Intervention  raifes  the  pifton 
of  the  cylinder  :  fo  that  a  boy  afting  with  a  fourth  part  of  his, 
ftrength  on  the  fmall  pifton  by  means  of  a  lever  can  raife  about 
94080  lbs.  or  42  tons  prcfting  on  the  great  pifton ;  the  Increafe 
of  power  being  as  i  to  4-  x  12*  or  i  to  2304.  This  contrivance 
will  be  more  minutely  explained  under  the  article  Brafnah's  ma^ ' 
chine^  in  the  alphabetical  part  of  this  volume. 
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45.  As  to  the  effcS  of  water  in  motion,  it  will  manifeftly  depend 
upon  the  quantity  of  fluid  and  its  velocity  jointly.  When  the^ 
water  runs  through  a  notch  or  an  orifice  of  a  regular  form  fituated 
in  the  bottom  or  fide  of  a  refervoir,  the  quantity  difcharged  in  anf 
given  time  may  be  determined  by  the  rules  laid  down  for  thole 
purpofes  in  vol.  i.  Book  IV.  If  s^  be  the  area  of  any  plane  ex* 
pofed  to  the  aQion  of  a  current  of  water,  and  v  the  velocity  per 
fecond  with  which  the  Buid  ftrikes  the  plane,  then  will  the  torce 
of  the  fluid  be  equivalent  to  the  weight  of  a  volume  of  water 

expreflfed  by ^  where  g  reprcfents  yi\  feet,  on  the  fup*- 

poiition  that  the  wlter  ftrikes  the  plane  dlre^ly  :  but  if  the  fluid 
ftrike  the  plane  obliquely  and  I  reprefent  the  angle  of  incid- 
ence^  the  force  will  be  equivalent  to  the  weight  of  the  column 

fin.*  L     Or,  fince  a  cubic  foot  of  water  weighs  62 1^  lbs 

averd.   if  v  and  s  be  exprefied  in  feet  we  (hall  have   -^il- 

fin.*  I  = '97 1 502  fill.*  I  v^i*lbs.  averd.  for  the  equivalent 
weight,  which  becomes  barely  'g'ji^oiv's^  lbs.  when  tlie  plane 
is  diredly  oppofed  to  the  fluid. 

46*  In  the  determination  of  the  velocity  of  the  ftream  it  will 
he  neceflary  either  to  afcertain  the  height  h  through  which  the 
water  has  fallen  freely,  as  from  the  end  of  a  fpout,  when  x/^zglp 
or  nearly  8  A,  will  fliew  the  velocity,  h  being  in  feet ;  or  when 
the  water  ifiues  through  an  orifice  in  the  bottom  or  fide  of  a. 
rcfervoir,  to  have  recourfe  to  Chap,  i  and  2.  Book  IV.  voLI. 
before  referred  to.     If  the  ftream  ue  ample  without  much  fall» 
fuch  as  muft  neceflarily  be  applied  to  move  an  ynderihot  wheel 
by  its  impulfe,  the  power  will  be  determinable  from  the  ve- 
locity of  the  water  and  the  quantity  which  paiTes  through  the 
fedion  of  its  bed.     Dr.  Defaguliers,  in  his  Experimental  Phi- 
lofophy,  vol.  II.  pa.  419.  gives  the  following  eafy  method  of 
afcertaining  thefe  data  :  Obferve  a  place  where  the  banks  of  the 
river  are  fteep  and  nearly  parallel,  fo  as  to  make  a  kind  of 
trough,  for  the  water  to  run  through,  and  by  taking  the  depth 
at  various  places  in  croQing  make  a  true  fe£lion  of  the  river. 
Stretch  a  ftring  at  right  angles  over  it,  and  kt  a  fmall  diftance 
another  parallel  to  the  firft.     I'hen  take  an  apple,  an  orange^^ 
or  other  fmall  ball,  juft  fo  much  lighter  than  water  as  to  fwim  ia 
it,  and  throw  it  into  the  water  above  the  ftrings.  Obferve  when 
it  comes  under  the  firft  ftring,  by  means  of  a  half  fecond  pen- 
dulum, a  ftop  watch,  or  any  other  proper  inftrumentj  and  ob- 
fcrvc  Ukewife  when  it  arrives  at.  the  fecond  ftring.     By  this 
means  the  velocity  of  the  upper  furface,  which  in  pra<Slicc  maj 
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gtnerallj  be  taken  for  that  of  the  whole^  will  be  obtained.  And 
the  feAlon  of  the  river  at  the  fecond  firing  mud  be  afcertained 
by  takine  various  depths^  as  before.  If  this  fe&ion  be  the  fame 
as  the  knrmeri  it  may  be  taken  for  the  mean  fe&ion :  if  not, 
add  both  together,  and  take  half  the  fum  for  the  mean  lec- 
tion. Then  the  area  of  the  mean  fefkion  in  fquare  feet  being 
multiplied  by  the  ctiftance  between  the  ftrings  in  feet,  will  giv^ 
the  contents  of  the  water  in  folid  feet,  which  pafied  from  one 
firing  to  the  other  during  the  time  of  obfervation  \  and  this  by 
the  rule  of  three  may  be  adapted  to  any  other  portion  of  time* 
Sttppofe,  for  example,  the  time  were  iz\  and  the  hourly  expen* 
diture  of  water  were  required,  the  proportion  would  be,  as 
12" :  3600"  :  :  the  number  of  cubic  feet  between  the  two 
firings  :  the  hourly  expenditure  in  cubic  feet.  If  the  mere  ve* 
loeity  be  required  with  reference  to  any  fixed  interval  of  dme, 
a  (imilar  proportion  will  give  it,  only  obferving  to  take,  inftead 
of  the  folid  content  or  capacity  in  ikt  third  term,  the  diftaace 
between  the  two  ftrings. 

The  operation  may  often  be  greatly  abridged  by  taking  notice 
of  the  arrival  of  the  floating  body  oppofite  two  ilations  on  the 
ihore,  efpecially  when  it  is  not  convenient  to  ftretch  a  ftring 
aerofL  An  arch  of  a  bridge  is  a  good  ftation  for  an  expe- 
riment of  this  kind,  becaufe  it  affords  a  very  regular  fedion 
and  two  fixed  points  of  .obfervation  :  and  in  fome  inftances  the 
fisa  pradice  of  heaving  the  log  may  be  advantageous.  Where  a 
time»piece  is  not  at  hand,  the  obferver  may  eafily  conflrud  a 
half-fi^conds  or  quarter-feconds  pendulum  :  the  former  may  be 
nade  by  fuipending  a  fmall  round  (not  flat)  button,  or  other 
fpherical  weight,  by  a  thread  looped  over  a  pin  of  fuch  a  length 
that  the  diftance  from  the  point  of  fufpenfion  to  the  centre  of 
die  weight  fhall  be  9*8  inches :  the  quarter-feconds  pendulum 
muft  be  a  fourth  of  this  length.  If,  by  obfervations  at  feverat 
ftarions  above  and  below  any  particular  point  of  the  river,  the 
velocity  does  not  appear  to  vary,  the  fedlion  of  the  river  in  all 
that  fpace  may  be  confidered  as  uniform ;  and  it  will  not  be 
necefTary  to  determine  more  than  one  feciion  by  a£tuai  meafurc- 
ment. 

47.  The  elFefl  of  underfliot  and  overfhot  wheels  has  been 
very  varioufly  flated  by  different  authors  5  tlie  moft  valuable  and 
eorre^i  obfervations  are  thofe  of  Mr.  Smeaton,  an  abftrad  of 
which  was  given  in  Chap.  4-  Book  IV.  vol.  I.  The  numerous 
praiSlical  remarks  and  experiments  related  in  that  chapter  and 
the  fecond  chapter  of  the  fame  book,  will  render  it  unnecefTary 
for  us  now  to  dwell  longer  upon  the  efFe£ls  of  water  as  a  mover 
of  machinery. 

48.  Air  is  the  next  natural  mover  we  propofe  to  confider. 
And  this  like  water  may  be  regarded  either  as  at  reftj  or  in  mo* 
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tion«  Th^  prefTure  of  the  atmofphere  ia  a  mediam  ftale  is 
equivalent  to  the  weight  of  14^  or  15  lbs*  averdupois  on  a 
fquare  inqh  \  and  this  preflure  will  fupport}  and»  bf  means  of  a 
fucking  pump^  raife  water  to  the  height  of  about  33  feet;  it 
fupports  mercury  in  the  barometer  at  the  height  of  28  to  32 
inches. 

The  deniity  of  air  is^  at  a  medium,  about  833  times  lefs  than 
th^t  of  water :  if  we  take  round  numbers  aiid  reckon  800  to  i 
for  the  ratio  of  the  denfities,  and  put  i^  for  the  furface  on  which 
the  wind  ftrikesj  v  for  the  velocity  with  which  it  moves^  and  I 
for  the  angle  of  incidences  then  the  force  of  the  wind  will  be 
equ^il  to  the  weight  of  a  volume  of  water  exprefled  by  -^  • 


fin.  *  I='ooi2i44  t>*  J^  fin,*  libs,  averdupois. 


This  formula}  however,  is  only  an  approximation,  and  would 
lead  to  confiderable  errors  when  the  velocities  are  great:  oa 
this  fubje£b  we  have  treated  pretty  fully  in  art.  {^54,  &c.  Book  V, 
vol.  I.  where  the  tables  of  Dr.  Hutton,  Mr.  Roufe,  &c.  are 
exbfbified :  the  following  is  Mr.  Roufe's  table  of  velocity  and 
comeiponding  force  in  the  form  it  was  originally  given  by  Mr. 
Smeaton^  but  the  farm  in  which  it  is  thrown  in  art*  554  ia 
more  ufeful. 
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49.  As  It  18  not  eafy  to  obferrc  the  true  velocity  of  t^e  wiiid, 
and  thence  determine  its  force,  feveral  philoibphers  have  in-> 
vented  inllruments  called  Anemometers  or  wind  gages,  by 
which  at^  force  of  the  wind  may  be  afcertabed  independent  o£ 
its  velocity.  M.  Bouguer  contrived  a  very  fimple  inftrument 
for  this  purpofe  :  it  is  a  hollow  tube  AABB  (fig.  5.  pL  I.)  in 
which  a  fpiral  fpring  CD  is  fixed,  that  may  be  more  or  lefil 
Coraprefied  by  a  rod  FSD  pafiing  through  a  hole  within  the 
tube  at  A  A.  Having  obferved  to  what  degree  different  forces 
or  given  weights  are  capable  of  compreiling'the  fpiral,  put  di- 
vifions  upon  the  rod  in  fuch  a  manner  that  the  mark  obferved 
at  S  in  all  pofitions  of  that  rod  fliall  indicate  the  weight  requlfite 
to  force  the  fpring  into  the  correfponding jpofition  CD,  After- 
wards join  perpendicularly  to  this  rod  at  F  a  plane  furface  £FE 
of  a  given  area,  either  greater  or  leis,  as  may  be  judged  proper: 
then  nothing  more  is  neceflary  than  to  oppofe  this  inftrument 
to-  the  wind,  in  order  that  it  may  ftrike  the  furface  in  the  direc- 
tions V£,  V£,  parallel  to  that  of  the  rod ;  and  the  mark  at  S 
will  fhew  the  weight  to  which  the  wind  is  equivalent  It  will 
then  be  eafy  to  reduce  any  obferved  force  to  a  volume  of  water 
equivalent  to  it  in  energy  ;  and  fo  in  all  caies  afcertain  the  mag- 
nitude of  the  force  which  the  wind  exerts* 

50.  The  moft  ufual  method  of  applying  wind  as  a  mover  of 
machinery  is  in  the  conftru£lion  of  windmills  for  different 
purpofes,  in  which  tlie  wind  produces  its  effe£l  by  impulfe  upon 
the  fails.  In  thefe  machines,  therefore,  whatever  varieties  there 
may  be  in  the  internal  ftru^ure,  there  are  certain  rules  with 
regard  to  the  pofition,  fliape,  and  magnitude  of  the  fails,  which 
will  bring  them  into  the  bed;  ftate  ^r  the  aftion  of  the  wind, 
and  the  produ£tion  of  ufeful  eSeA.  Thefe  particulars  have 
been  conudered  much  at  large  by  Mr.  Smeaton :  for  this  purpofe 
he  conftrufled  a  machine  of  which  a  particular  defcription  is 
given  in  the  Philofophical  TranfaAions,  vol.  51*  By  means  of 
a  determinate  weight  it  carried  round  an  axis  with  an  horizontal 
arm,  upon  which  were  four  fmall  moveable  fails.  Thus  the 
fails  met  with  a  conftant  and  equable  blaft  of  air  \  and  as  they 
moved  round,  a  ftring  with  a  weight  affixed  to  it  was  wound 
about  their  axis,  and  thus  fliowed  what  kind  of  fize  or  con- 
ftru&ion  of  fails  anfwered  the  purpofe  beft.  With  this  ma^i' 
chine  a  great  number  of  experiments  were  made ;  the  refults 
of  which  were  as  follow : 

(i.)  The  fails  fet  at  the  angle  widi  the  axis,  propofed  as  the 
beft  by  M.  Parent  and  others,  viz.  55%  was  found  to  be  the- 
worft  proportion  of  any  that  was  tried. 

(2.)  When  the  angle  of  the  iails  with  the  axis  was  increafed 
from  72^"  to  75%  the  power  was  augmented  in  the  proportion 
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of  31  to  45  ;  aild  this  is  the  angle  moft  commonly  in  ale  when 
the  fails  are  planes;  See  art.  547.  vol.  I. 
■  (3.)  Were  notfiing  more  requifite  th^n  to  caufe  the  faih  td 
acquire  a  certain  degree  of  vdocity  by  the  wind,  the  pofitbii 
recommended  by  M.  Parent  would  be  die  beft.  But  if  the  faiU 
are  intended  with  given  dimenflons  to  produce'  iEhe  greateft 
efie^ls  poffible  in  a  given  time,  we  muft,  if  planes  are  made 
uie  of,  confine  our  angle  within  the  limits  of  72  and  ^5  degrees* 

(4.)  The  variation  of  a  degree  or  twoj  when  the  angle  is  near 
the  beft,  is  but  of  little  confeqaeiice* 

(5.)  When  the  wind  falls  upon  concave  fails  it  id  ad  adv^n^ 
tage  to  the  power  of  the  whole,  though  each  part  feparatel| 
taken  ihould  not  be  difpofed  of  to  the  &ft  advantage. 

(6.)  From  feveral  experiments  on  a  large  fcale,  Mr.  Smeaton 
has  found  the  following  angles  to  anfwer  as  well  as  any.  The 
raditts  is  fuppo&d  to  be  divided  into  fix  parts ;  and  ^th,  reckon* 
ing  horn  the  centre,  is  called  i,  the  extremity  being  denoted  6* 

motion. 

2  71  19 

3  72  18  middle 
•  4                           74                                   16 

5  77t  I4i 

6  83  7  extremity. 
(7.)  Having  thus  obtained  the  beft  method  of  weathering  the 

fails,  i.  <•  the  moft  advanta^;eous  manner  in  which  they  can  be 

E laced,  our  author's  next  care  was  to  try  what  advantage  could 
e  derived  60m  an  increafe  of  furface  upon  the  fame  radius. 
The  refiilt  was,  that  a  broader  fail  requires  a  larger  angle ;  and 
when  the  fail  is  broader  at  the  extremity  than  near  the  centre^ 
the  figure  is  more  advantageous  than  that  of  a  parallelogram* 
The  figure  and  proportion  of  enlarged  fails,  which  our  author 
determines  to  be  moft  advantageous  on  a  large  fcale,  is  that 
where  the  extreme  bar  is  one>third  of  the  radius  or  whip  (as 
the  workmen  call  it),  and  is  divided  by  the  whip  in  the  pvQ« 
pordon  of  3  to  5.  The  triangular  or  loading  fail  is  covered 
with  board  from  thepoint  downward  of  its  height,  the  reft  as 
ufual  with  cloth.  The  angles  above  mentioned  are  iikewife 
the  moft  proper  for  enlarg^  fails ;  it  bdng  found  in  pradice, 
that  the  fails  ihould  rather  be  too  little  than  too  much  expofed 
to  the  dire£l  aAion  of  the  wind. 

Some  have  imagined,  that  the  more  fail  the  greater  would  be 
the  power  of  the  windmill,  and  have  therefore  pnropofed  to  fill  up 
the  wjiole  area  ^  and  by  making  each  fail  a  fe^or  of  an  ellipGs^ 
tot.  II.  B 
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^coDKdbg  to  M.  PatMif a  method,  tt>  intOtctpt  the  wWe  cy« 
linder  of  wiiid,  in  order  to  produce  the  grealeft  effe^  pofitbki 
i^rom  our  author's  experiments,  however,  it  afxpeared,  that 
when  the  fur  face  of  all  the  fails  exceeded  feren^ights  of  the  area^ 
the  eStSt  was  rather  diminifhed  than  augmented*  Henee  he 
concludes,  that  when  the  whole  cylinder  of  wind  is  intercepted^ 
it  caiinot  then  produce  the  greateft  effe£k  for  wast  of  proper 
interftices  to  e&ape.  '  ^ 

'  ^*  tt  is  certainly  defirable  (fays  Mn  Smeatoo),  that  the  fails 
of  windmills  ihould  be  aa  {hqrt  as  poffible;  but  it  is  equalljr 
defirable^  that  the  quantity  of  cloth  ihould  be  the  leaft  that 
may  be,  |o  aroid  damage  by  fudden  fqualls  of  wind.  The  beft 
ftru&ure,.  therefofei  for  lav^e  miUs^  is  that  where  the  qttaetitf 
of  cloth  is  the  greateft  in  a  given  circle  that  can  be :  on  this 
condition^  that  the  effeOt  holds  out  in  proportion  to  the  quan- 
tity of  cloth ;  for  othetwife  the  effe£k  can  be  augmented  in  a 
g^ven  degree  by  a  lefTer  increafe  of  cloth  upon  a  larger  ndtut 
than  would  be  required  if  the  cloth  was  increafed  upon  the 
fame  radius." 

(8.)  The  ratios  between  the  velodities  of  windmill  fails  un- 
loaded, and  when  loaded  to  their  manomm,  turned  out  vtrj 
different  in  difi^rent  experiments;  but  the  moft  common  propor- 
tion wa4a8  3  to  2.  In  general  it  happened  that  where  the  power 
was  greateft,  whether  by  an  enlargement  of  the  furfaceof  the  fails 
or  an  increafed  velocity  of  the  wind,  the  fecond  term  of  the 
ratio  Was  diminifhcd . 

(9.)  The  ratios  between  tlie  feaft  load  that  would  ftop  the 
fatls  and  the  tnaxtmum  with  which  they  would  turn,  were  con^- 
« fined  betwixt  that  of  le  to  8  and  10  to  9  v  being  at  a  medium 
about  20  to.  9«^  and  10  to  9,  or  about  6  to  5  ;  though  on  the 
whole  k  appeared,  that  whare  the  angle  of  the  fails  or  quaatity^ 
of  cloth  was  greatefly  the  fecond  term  of  the  ratio  was  lefa. 

(10.)  The' vel(H:ity  of  windiniU  £»b,  whether  unloaded  or 
loaded,  &  as  tO  produce  a  maxtmunk,  is  nearly  as  the  velaGity' 
of  the  wind,  thdr  fhape  and  pofition  being  the  fame.  On  tfaia 
fttbjeA  Mr.  FergufiDfi  remarks,  that  it  i>  almoA  incredible  ta 
ii)'u)k  with  wl^at  velocity  the  tips  of  the  fails  move  wbett  a£ted 
.  upon  by  a  moderate  wind.  He  has  feveral  times  countaed  die 
number  of  revolutions  made  by  the  fails  in  10  or  15  minutes  f 
and,  from  tlie  length  of  the  arms  from  tip  to  tip,  has  computed^ 
thai  if  an  hoop  of  the  fatne  fize  was  to  mn  opoo  plain  ground 
wiih  an  eqttal  veloctty,  it  would  go  upwards  oi  jamiics  in  an 
hour. 

{ r !.)  Thejoad  lit  the  maximum  is  nearly,  bat  (oniewfaat  tela 
t\\RUi  as  the  fquare  of  the  velocity  of  the  iviud  ^  the  Ibs^^uid 
fidti':<>n  of  &c  faUs  being  the  fitme. 
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(il.)  The  effisAd  of  the  U^mt  fails  at  a  manimitm  are  nevAff 
Init  fomewhat  lefs  than^  as  the  cubes  of  the  Telocity  of  the 

( \i.)  The  toad  of  the  fame  (atls  at  a  maximum  is  nea/f )"  as 
fhe  fquareSf  and  the  effe£l  as  the  cubes  of  their  nurhber  of  turns 
in  a  given  time. 

(14.)  When  fails  are  loaded  fo  as  to  podu^e  i  ma:itimtinl  at 
%  given  velocity,  and  the  velocity  of  the  wind  increafes,  thef 
load  continuing  the  fame;  then  the  incr^afe  of  dS^Qty  when 
the  increafe  ofthe  velocity  of  the  wind  is  fmall,  will  be  neatlj^ 
us  the  fquares  of  thefe  velocities ;  but  when  the  Velocity  of  the 
trind  IS  double,  the  eflc£l:s  will  be  nearly  as  10  to  i  7^ ;  and  wheir 
the  velocities  compared  are  more  than  double  of  that  whei^ 
the  given  load  produces  a  maximunij  the  eflfedis  increafe  nearly 
In  a  fimple  ratio  of  the  velocity  of  the  wind.  Hence  our  authot 
concludes,  that  windmills,  fuch  as  the  different  fpedes  iot 
draining  water,  &c.  lofe  much  of  their  eS^Ot  by  a£ting  againlt 
one  invariable  oppolition. 

(15.)  In  fails  of  a  Cmilar  figure  and  poGtion,  the  number  o£ 
turns  in  a  given  time  will  be  reciptocally  as  the  radius  or  length 
of  the  fail. 

(16. )  The  load  at  a  maximum  that  fails  of  a  fimilar  figure  and 
pofition  will  Overcome,  at  a  given  diftance  from  the  centre  of 
motion,  will  be  as  thcf  cube  ofthe  radius. 

(17.)  The  effe^s  of  (ails  of  (imilar  pofition  and  figure  are  as 
the  (duare  of  the  radius.  Hence  augmenting  the  length  of  the 
fail  \ntiiout  augmenting  the  quantity  of  cloth,  does  not  increafe 
the  power;  becaufe  what  is  gained  by  length  of  the  lever  is 
loft  by  the  ffowhefs  of  the  motion.  Hence  alio,  if  the  fails  are 
Increafed  in  ]engfth»  the  breadth  remauilng  the  fame  the  ^&Qt 
trifi  be  as  the  radius. 

lit.)  The  velocity  of  the  extremities  of  the  Dutch  falls,  a$ 
well  as  of  the  enlarged  fails,  cither  unloaded  or  even  when 
loaded  to  a  maximum,  is  confiderably  greater  than  that  of  the 
wind  itfelf.  This  appears  plainly  from  the  obfervations  of 
Mr.  Pergufon,  already  related*  concerning  the  velocity  of  fails* 

(19.)  From  many  obfervations  of  the  comparative  tSc&s  at 
fails  of  various  kinds,  Mr.  Smeaton  concludes,  that  the  enlarged 
fails  are  fuperlor  to  thofe  of  the  Dutch  conftru£iion. 

(20.)  He  alfo  makes  feveral  juft  remarks  upon  thgfe  wmd^ 
mills  which  are  a£t^d  upon  by  the  dire^  impulfe  of  the  wind 
againft  fails  fixed  to  a  vertical  fliaft :  his  objections  have,  wtf 
believe,  been  juftified  in  every  inftancc  by  the  inferior,  cfficaq^ 
of  rhefe  horizontal  mills. 

•*  The  difodvantage  of  horizontal  windmills  (foys  he)  does  not 
fimfid  in  thi$>  t^at  e^h  i^l^when  dite^ly  oppgfed  tO  the  wiadi  is 

B  a 
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capable  of  a  Ie£s  power  than  an  oblique  one  of  the  (ame  &^ 
fnenfions  $  but  that  in  an  horizontal  windmill  little  more  than 
dne  fail  can  be  adding  at  once :  whereas  in  the  common  wind^ 
millf  all  the  four  z€t  together  v  and  therefore,  fuppofing  each 
Vane  of  an  horizontal  windmill  to  be  of  the  fame  fizewith  that 
of  a  vertical  one,  it  is  mahifcft  that  the  power  of  a  vertical  mill 
will  be  four  times  as  great  as  that  of  an  horizontal  one,  let  the 
number  of  vanes  be  what  they  wilL  This  difadvantage  arifetf 
froit^  (he  nature  of  the  thing*,  but  if  we  confider  the  further 
difadvantage  that  arifes  from  the  difficulty  of  getting  the  (ails 
back  again  againft  tlie  winds,  &c.  we  need  not  wonder  if  thii 
kind  of  mill  is  In  reality  found  to  have  not  above  one-eighth  or 
one- tenth  of  the  power  of  the  common  fort)  as  has  appeared 
in  feme  attempts  of  this  kind/* 

51.  Another  firft  mover,  of  whofe  efFefbs  it  mav  be  proper 
to  give  fome  account,  \%  fired  gunpo^uder.  Thefe  efile£^s  are  too 
violent  and  fudden  to  allow  of  their  being  applied  to  XDXSVf 
|}ra6Ucal  purpofes  (the  chief  ufe  of  gunpowder  being  in  the 
^ifcharge  of  balls  and  {hells  from  guns  and  mortars)  \  out  they 
are  fo  prodigious  and  extraordinary,  and  are  fo  important  in 
the  art  of  war,  that  it  may  be  naturally  expefked  we  fhouldL 
give  fome  eftimate  of  them  in  this  place. 

Now  to  undcrftand  the  force  of  gunpowder  it  muft  be 
confidered  that  whether  it  be  fired  in  a  vacuum  or  in  air,  it 
produces  by  its  explofion  a  permanently  elaftic  fluid :  and  it- 
appears  from  experiment  that  the  elafticity  or  prefliire  of  the 
fluid  produced  by  this  firing  of  gunpowder  is,  caieris  jparikiS^ 
dire£ily  as  its  denfity. 

To  determine  the  elafticitv  and  quantity  of  this  fluid,  pro^ 
duced  from  the  explofion  or  a  given  quantity  of  gunpowder^ 
Mr.  Robins  premifes,  that  the  elafticity  increafes  by  heat,  and 
diminiflies  by  cold,  in  the  fame  manner  as  that  of  the  air  $  and 
that  the  denfity  of  this  fluid,  and  confequently  its  weight,  is  the 
fame  with  the  weight  of  an  equal  bulk  of  air,  having  the  fame 
elafticity  and  the  fame  temperature.  From  thefe  principles^ 
and  from  the  experiments  bv  which  they  are  eftablimed  (tor  a 
detail  of  which  we  muft  refer  to  the  book  itfelf),  he  concludes 
that  the  fluid  produced  by  the  firing  of  gunpowder  is  nearly  -^ 
of  the  weight  of  the  generating  powder  itfelf  j  and  tliat  the 
volume  or  bulk  of  this  air  or  fluid,  when  expanded  to  the  rarity  of 
common  atmofpheric  air,  is  about  244  times  the  bulk  of  the 
faid  generating  powder. — Count  Saluce,  in  his  Mi(cel.  Phil. 
Mathem.  Soc.  Priv.  Taurin.  p.  125,  makes  the  proportion  as. 
^  222  to  I }  which  he  fays  agrees  with  the  computation  of  Meflfrs* 
Haukfbee,  Amontons,  and  Belidor* 
Jiencc  it  appears,  that  any  quantity  of  powder  fired  in  any 
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confined  fpace,  which  it  adequately  iills^  exerts  at  the  inilant 
of  ltd  ezplofion  againft  the  fides  of  the  veflel  containing  it,  and 
ihe  bodies  it  impels  before  it,  a  force  at  lead  244  times  greater 
than  the  elafticitjr  of  common  air,  or,  which  is  the  fame  thing, 
than  the  prefTure  of  the  atmofphere;  and  this  without  con- 
fidering  the  great  addition  arifing  from  the  violent  degree  of 
heatjwith  which  it  is  endued  at  that  time ;  the  quantity  0/ 
which  augmentation  is  the  next  head  of  Mr.  Robins's  enquiry. 
He  determines  that  the  elaftlcity  of  the  air  is  augmented  in  a 
proportion  fomewhat  greater  than  that  of  4  to  i,  when  heated 
to  the  extremeft  heat  of  red-hot  iron ;  and  fuppofing  that  the 
flame  of  fired  gunpowder  is  not  of  a  lefs  degree  of  heat,  in« 
creafing  the  former  number  a  little  more  than  4  times,  make$ 
nearly  1000;  which  ihews  that  the  elafticity  of  the  flame,  at  the 
moment  of  explofion,  is  about  icoo  tiqjjes  ftronger  than  the 
elafticity  of  common  air,  or  than  the  prefiure  of  the  atmofphere* 
But,  from  the  height  of  the  barometer,  it  is  known  that  the 
prefiure  of  the  atmofphere  upon  every  fquarc  inch  is  on  a 
medium  14!^  lb ;  and  therefore  1000  times  this,  or  14750  lb. 
is  the  force  or  prefiure  of  the  flame  of  gunpowder,  at  the  mo- 
ment of  explofion,  upon  a  fquare  inch^  which  is  very  nearly 
equivalent  to  6  tons  and  a  half. 

This  great  force,  however,  diminiflies  as  the  fluid  dilates  itfelf, 
and  in  that  proportion,  viz«  in  proportion  to  the  fpace  it  oc- 
cupies, it  being  only  half  the  ftrength  when  it  occupies  a  double 
fpace,  one-third  the  ftrength  when  triple  the  fpace,  and  fo  on. 

Mr.  Robins  further  fuppofes  the  degree  of  heat  above  men- 
tioned to  be  a  kind  of  medium  heat ;  but  that  in  the  cafe  of 
large  quantities  of  powder  the  heat  will  be  higher,  and  in  very 
fmall  quantities  lower;  and  that  therefore  in  the  former  Cafe 
the  force  will  be  fomewhat  more,  and  in  the  latter  fomewhat 
lefs,  than  1000  times  the  force  of  the  atmofphere. 

He  further  found  that  the  ftrength  of  powder  is  the  fame  in 
all  variations  in  the  denfity  of  the  atmofphere :  but  that  the 
moifture  of  the  air  has  a  great  efFeft  upon  it  5  for  the  fame 
quantity  which  in  a  dry  feafon  would  difcharge  a  bullet  with  a 
velocity  of  1700  feet  in  one  fecond,  will  not  in  damp  weather 
give  it  a  velocity  of  more  than  i^  or  1300  feet  in  a  fecond,  or 
•even  lefs,  if  the  powder  be  bad,  and  negligently  kept.  Robins's 
Tbfts,  vol.  I,  p.  loi,  &c.  Further,  as  -there  is  a  certain 
quantity  of  water  which,  when  mixed  with  powder,  will  pre- 
vent its  firing  at  all,  it  cannot  be  doubted  but  every  degree  of 
moifture  muft  abate  the  violence  of  the  explofion  •,  and  hencp 
the  efile&s  of  damp  powder  are  not  difiicult  to  account  for. 

The  velocity  of  expanfion  of  the  flame  of  gunpowder,  when 
lired  in  a  piece  of  artillery,  without  either  bullet  or  other  body 
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tiefore  it,  is  prodiglouflf  gr«at9  viz.  7000  £eet  per  fecon4,  or 
upward$j  as  appears  from  the  experiments  of  Mr,  Robins.  But 
M.  Bernoulli  and  M.  Euler  fu(pe£);  it  is  ftill  much  greater. 
iVnd.D/.  Hutton  fufpeds  it  may  not  be  le&j  at  the  moment  of 
explofion,  than  4  times  as  much. 

It  is  this  prodigious  celerity  of  expanfion  of  the  flame  of  fired 
gunpowder  which  Is  its  peculiar  excellence,  and  the  circum- 
ftance  in  which  it  fo  eminently  furpafles  all  Qtlier  inventions^ 
(either  ancient  or  modern :  for  as  to  the  momentum  of  thefe 
proje<Ptiles  only,  many  of  the  warlike  machines  of  the  ajncients 
produced  this  in  a  degree  far  furpafling  that  of  our  heavieft 
cannon  ihOt  or  Ihells}  but  the  great  celerity  given  to  thefe 
bodies  cannot  be  approached  with  facility  by  any  other  meam 
(han  the  exploGon  of  powder. 

5  a.  Since  the  imnortant  invention  of  the  Steami-enginc 
pother  fpecies  ef  firir  movers  has  come  under  the  confideration 
of  the  mechanical  inveftigatory  namely>  fuch  a^  arife  from  the 
Tolatilifation  of  diflerent  fluids*  Of  thefe  the  one  mod  com^ 
monly  chofen  is  the  steam  raifed  from  hot  water>  which  is  an 
elaftic  fluid)  and  which  when  raifed  with  the  ordinary  heat  of 
toiling  water  is  almoft  30Q0  times  rarer  than  water,  or  more  tbaii 
3^  times  rarer  thai)  air,  and  then  has  its  eIafUi:ity  equal  to  that  oF 
ti^e  common  atmofpheiic  air :  by  great  heat  it  has  been  found 
that  the  fleam  may  be  expanded  into  14000  times  the  fpace  of 
Dvater>  and  then  exerts  a  force  of  nearly  5  times  the  prelTure  of 
the  atmofphere :  and  there  is  no  reafon  to  fuppofe  mis  is  the 
limit :  indeed  fome  accidents  which  have  happened  prove  clearly 
that  the  elailic  force  of  fteam  may  at  leaft  equal  that  of  gun* 
powder* 

The  obfervations  on  the  different  degrees  of  temperature 
acquired  by  water  in  boiling,  under  different  prefTures  of  the 
atmofphere,  and  the  formation  of  the  vapour  from  water  under 
the  receiver  of  an  air-pump,  when  with  the  common  tem- 
peratures the  prcfTure  is  diminifhed  tQ  a  certain  degree*  ihew 
^clearly  that  the  expanfive  force  of  vapour  or  fleam  is  different 
in  the  difFcreiit  temperatures,  and  that  in  general  it  increafes  in 
a  variable  ratio  as  the  temperature  is  raifed*  Previous  to  dcr 
fcribing  the  method  which  has  been  adopted  to  meafure  the 
force  of  fleam  under  different  temperatures,  it  will  be  proper  tQ. 
defcribe  briefly  the  method  by  which  the  Chcmifls  account  fo^r 
the  production  of  aeriform  fluids. 

53,  The  term  Caloric  is  ufed  to  denote  the  caufe,  whatever 
It  may  be,  of  heat,  and  of  the  phenomena  which  accompany 
heat :  it  is  now  abiioft  univerfally  admitted  to  be  a  highly  elaflu: 
fluid.  Every  body  is,  according  to  its  nature,  capable  of  coii- 
t^iz^ng  under  a  given  volume  a  certain  quantity  of  calorici 


Elafik  Force  of  Steam.  $B 

either  greater  or  lefs :  this  property  was  firft  obfenred  by  Dr. 
Black,  and  the  EngKfh  cheitiifts  defignated  it  by  the  term  Ca^ 
facity  efa  body  to  contain  the  matter  vf  heat,  Profeffor  Wilcke 
and  M.  Lavoifier  firft  made  ufe  of  the  t^rm  fpecijic  caloric^  de- 
noting by  it  the  quantity  of  caloric  refpcftively  neceflaiy  to 
elevate  to  the  fame  number  of  degrees  the  temperature  of  fe- 
deral bodies  of  equal  weight. 

Subftances  volatilifed  and  reduced  to  gas  or  aeriform  fluids, 
are  nothing  elfe  than  ordinary  folid  or  fluid  bodies  which  by 
fome  circumftance  are  found  fuperabundantly  combined  with 
caloric,  in  fuch  a  manner  that  the  conftituent  parti cleb  of  thefe 
bodies  are  feparated  the  one  from  the  other,  by  a  Quantity  of 
ambient  caloric  much  more  confiderable  than  that  which  fur- 
rounds  the  fame  particles  in  the  natural  ftate  of  the  bodies* 
The  extreme  elafticity  of  the  caloric  the  effed  of  which  is  aug- 
mented by  its  condenfation,  and  the  weakening  of  tlie  reci- 
procal attradion  or  of  the  cohefion  of  the  particles  of  the  bodies 
(a  weakening  or  diminution  produced  by  the  incrcafed  diftance 
ef  thofe  particles)  concur  to  diminiih  the  denfity  of  the  bodies 
in  fuch  a  manner  that  they  become  reduced  to  an  aeriform 
Aate. 

54.  As  to  the  elafticity  of  gafeous  fluids  thus  formed,  it  ap- 
pears in  great  meafure  to  be  produced  by  the  elafticity  of  ca- 
loric itfelf,  which,  when  bodies  are  reduced  to  the  gafeous  ftate, 
occupy  a  very  great  part  of  their  volume.  This  eminent  elafti- 
city of  caloric  tends  continually  to  produce  expanfion  ^  on  the 
other  hands'  this  fluid,  by  a  particular  deftination  of  nature,  is 
more  or  lefe  difleminated  between  the  moleculse  of  all  bodies, 
in  fuch  fort  that  we  may  fay  with  M»  Lavoifier  that  even  in  the 
folid  ftate  thefe  moleculae  do  not  touch,  but,  as  it  were, /w/Vw 
in  the  caloric  at  a  certain  diftance  from  each  other.  There 
tnuft,  therefore,  be  a  perpetual  conteft  between  the  expanfivc 
force  of  caloric  which  tends  to  difleminate  the  moleculse,  ^nd 
the  cdhefive  attraftion  'of  the  moleculae  which  tends  to  join 
them  together.  From  the  reciprocal  intenlity  of  thefe  two 
powers  Tcfults  the  folid  and  liquid  ftates  of  bodies:  thus,  water 
only  differs  from  ice  by  the  greater  or  lefs  condenfation  of  ca- 
loric, which  permits  more  or  lefs  of  the  molecular  of  the  liquid 
CO  yield  to  the  efleft  of  their  attraftion  or  reciprocal  cohefion. 

When  fubftances  pafs  from  the  liquid  to  the  aeriforrii  ftate, 
there  is  a  third  power  to  combine  with  the  expanfive  effort  of 
caloric,  and  the  aggregative  or  attraftive  effort  of  the  mole- 
Cttlie;  namely,  the  preflure  of  the  atmofphere,  or  of^any  elaftic 
fluid  whatever  which  comprcfTes  the  fluid,  and  oppofes  itfelf  to 
the  feparation  of  its  parts.  This  third  power  has  a  certain  in* 
tuence  alfo  upon  the  paflTage  firom  the  fdid  to  the  fluid  ftates 
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but  it  4s  moft  frequently  (in  this  cafe)  very  fnaO,  and  ereii 
eyanefcent  in  coraparifon  of  the  refiftance  arifing  from  the 
piutual  coheflon  of  the  moleculse.  The  contrary  eBkfk  has 
place  in  the  eourfe  of  the  paflage  from  the  liquid  to  the  gafeous 
or  aeriform  ftate ;-  the  cohefion  of  the  fluid  moleculie  being  ex* 
tremely  fmall,  the  elafticity  of  the  caloric  has  fcarcely  any  thing 
to  furmount  to.  produce  volatilisation  befides  the  preflure  of  the 
a^ofphejrey  or  g^s  yirhicb  actually  comprefles  it. 

55.  H/?nce  it  refults  that  ^e  fame  liquid  under  diflerent 

C enures  ought  to  volatilife  at  different  temperatures.  M. 
voifier  proved  the  trudi  of  this  refult,  by  placing  ether  under 
the  receiver  of  an  air-pump  and  producing  vQlatilifation  foidf 
by  taking  oflF  a  part  of  the  preifure  of  the  atmofphere.  See 
Cbymief  tome  /.  pa.  9.  And  we  knoinr  by  many  experiments  of 
M.  Deluc  and  others*  that  water  boils  the  more  fpeedily  as  k 
is  lefs  preiTed  by  the  ttreight  of  the  atmofphere. 

Lavoifier  notices  a  curious  confequence  of  what  has  been 
}iere  faid  ;  which  is^  that  if  our  planet  revolved  upon  it^  ^axia 
yrith  fuch  a  velocity  as  to  leflen  the  preflure  of  die  atmofpherey 
or  if  the^  temperature  of  the  air  were  raifed,  then  fevcral  fluids 
which  we  now  fee  under  a  liquid  (late  would  only  exift  in  the 
aeriform  ftate ;  for  example,  if  under  the  temperature  of  fum- 
iner  the  preflTure  of  the  atmofphere  were  only  equivalent  to  20 
or  24  inches  of  the  barometrical  tube,  that  preflure  would  not 
retain  ^ther  in  the  fluid  ftate,  it  would  be  changed  into  gas ; 
^nd  the  like  would  happen,  if  while  the  preflTure  of  the  air  was 
equivalent  to  28  or  30  inches  of  the  mercury  the  habitual  tem- 
perature were  105  or  no  degrees  on  Fahrenheit's  fcale* 

c6-  The  principles  which  have  been  here  exhibited  are  fuf« 
^cient  for  the  underftanding  of  all  which  relates  to  the  a£tton 
of  water  pr  other  fluids  reduced  to  vapour.  Now,  it  has  ap- 
peared from  frequent  experiments  that  water  heated  in  common 
air  volatilifes  at  80°  of  Reaumur's  thermometer,  or  a  12^  of 
Fahrenheit's,  the  height  of  the  barometer  being  28  French,  or 
290  Englifli  inches  :  and  fpirits  of  wine  under  a  like  preflure 
volatilifes  at  between  63""  and  64^  of  Reaumur,  or  nearly  175^ 
of  Fahrenheit.  The  expanfive  force  pf  the  vapour  muft,  there-- 
fore,  in  both  thefe  cafes,  according  to  the  principles  juft  ex? 
phtned,  be  meafured  by  a  column  of  mercury  01  <iB  French^ 
or  29*9  Englifh  inches,  in  like  manner  as  fuch  a, column  meafures 
the  preflure  of  the  atmofphere,  or  the  elafticity  of  common  air. 
And  at  apy  more  elevated  temperatures  the  elaftic  force  of  the 
vapour  wiU  furpafs  the  preflure  of  the  atmofphere  by  a  quantity 
which  has  a  certain  relation  with  the  excefs  of  the  temperature 
above  thofe  juft  ftated. 
^7.  Till  lately  there  was  wanting  on  this  important  fubje^]^  9 


feriesof  exad;  and  iXttO,  experiments  bv  means  of  wluch^  ba'viajr 
given  the  temperature  of  the  heated  fliudi  the  exoanOve  force  of 
the  fteam  rifing  from  it  might  be  known,  and  vke  verfa.  Hiexe 
was  likewife  wapting  an  analytical  dieCMrem  expreffing  the  tc-. 
lation  between  the  temperature  of  the  heated  fluid  and  the 
preifure  with  which  the  force,  of  the  fteam  was  in  equiUbrio. 
Xhefe  defiderata  have^  howeveri  been  lately  fupplied  by  M. 
Bettancourt,  an  ingenious  Spanish  philolbpher^  after  a  method 
»rhich  we  (hall  now  concifely  explain* 

58.  M.  Bettancourt^s  apparatus  confifts  of  a  copper  Tefiel  qr 
)>oiler,  with  its  cover  firmly  foldered  on  :  this  cover  has  three 
orifices  which  clofe  up  with  fcrews :  at  the  firft  the  water  or 
other  fluid  is  put  in  and  out ;  through  the  fecond  paflTes  the 
item  of  a  thermometer  which  has  the  whole  of  it$  fade  or  gra* 
jduations  above  the  veflTel,  and  its  ball  within,  where  it  is  im« 
merfed  either  in  the  fluid  or  in  the  fteam  according  to  the  di£^ 
ferent  circumftances ;  through  the  third  hole  ps^es  a  tube, 
making  a  communication  between  the  cavity  of  the  boiler  and 
one  branch  of  an  inverted  fyphon,  which  contains  mercury, 
and  a&s  as  a  barometer  for  meafuring  the  preflure  of  the  elaftic 
vapour  within  the  boiler.  In  the  fide  of  the  veflTel  there  is  ^ 
fourth  hole  into  which  is  inferted  a  tube  with  a  turncock)  mak* 
ing  a  communication  with  the  receiver  of  an  air-pump,  in  oxder 
tx>  extra<A  the  air  from  the  boiler  and  to  prevent  its  return- 

The  apparatus  being  prepared  in  good  order,  and  diftilled 
i¥ater  introduced  into  the  boiler  at  the  firft  hole,  and  then  ftop- 
ped,  as  well  as  the  end  of  the  inverted  fyphon  or  barometer, 
M.  Bettancourt  furrounded  the  boiler  with  icCf  to  lower  the 
temperature  of  the  water  to  the  freezing  point»  and  then,  hav- 
ing extra£ted  all  the  air  from  the  boiler  by  means  of  the  air- 
pump,  the  difference  between  the  columns  of  mercury  in  the 
two  branches  of  the  barometer  (hewed  the  meafure  of  the  elaftic 
force  of  the  vapour  arifing  from  the  water  in  that  temperature. 
"Then  lighting  the  fire  below  the  boiler,  he  gradually  raifed  the 
temperature. of  the  water  from  o  to  iio^  of  Reaumur's  ther- 
mometer, that  is,  from  32"^  to  ^^gi^  of  Fahrenheit's  thermo* 
meter ;  and  for  each  degree  of  elevation  in  the  temperature  he 
obferved  the  height  of  the  mercurial  column  which  meafured 
the  elafttctty  or  preflure  of  the  vapour. 

Thefe  experiments  were  repeated  various  times  and  with  dif- 
ferent quantities  of  water  in  the  veflel }  their  refults  were  ar- 
ranged in  diflferent  columns  for  the  fake  of  comparifbn,  and  it 
appeared  that  the  preflTures  for  diflFerent  temperatures  agreed 
yery  neariy,  however  much  the  quantity  of  fluid  in  the  veflTel 
was  varied.  It  was  alfo  feen  that  the  increafe  in  the  expanfive 
force  of  the  vapour  is  at  ficft  very  flow  \  but  increafes  gradually 
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vnte  the  highff  temperatures,  where  the  increafe  becomcf  vciy 
r^pid,  as  vriii  be  obvions  from  an  examination  of  the  tables  in 
fonae  of  the  following  pages. 

59.  '1  o  etpr/^fs  the  r^fntion  between  the  degrees  of  tcm- 
Iterature  of  the  vapour  and  its  elaftic  force,  this  philoibpher 
employs  a  method  fuggcfted  by  M.  Prony,  which  confifts  in 
imagining  tlie  heights  of  the  columns  of  mercury  meafuting  th^ 
expanfive  force  to  reprefent  the  ordinates  of  a  curve,  and  the 
degr<^s  of  heat  tlie  correfponding  abfciflfe  of  that  curve;  making 
the  ordinates  equal  to  the  fum  of  feveral  logarithmic  ones  which 
contain  two  indctcrminatcs,  and  afccrtaining  thefc  quantities  in 
fuch  manner  that  the  curve  may  ajTree  with  a  tolerable  numbef 
of  obfervations  taken  throughout  the  whole  extent  of  the  change 
of  temperature,  from  the  lowed  to  the  higheft  extreme  of  the 
experiments.  Then  a  formula  or  equation  to  a  curve  is  in-^ 
^eftigated,  and  when  the  curve  correfponding  to  that  equation 
IS  conftruded,  if  it  coincide  (with  the  exception  of  a  few 
trifling  anomalies)  with  the  curve  conftruded  by  the  refuhs  of 
ihc  experiments,  the  formula  may  be  looked  upon  as  corred» 
and  furnifhing  a  true  analytical  reprefentation  of  the  pheno- 
mena. This  was  done  by  M.  Beltancourti  and  the  curve  con- 
ftru£lcd  from  his  equation  has  a  point  of  inflexion  at  about  the 
10a'*  of  Reaumur,  as  it  ought  to  have,  becaufe  the  fecond  dif- 
ferences of  the  barometrical  meafures  of  the  elaftic  force  be- 
came negative  at  that  temperature. 

60.  In  a  fimilar  manner  M.  Bettancourt  made  experiments  oti 
the  ftrength  of  the  vppour  from  alcohol  or  fpirit  of  wine  ;  con- 
ftrufiing  the  curve  and  deducing  the  rcquiGte  analytical  formula. 
This  curve  had  likewife  a  point  of  inflexion  at  abcut  88"^  of 
Reaumur,  the  fecond  difitrences  in  the  table  of  barometrical 
meafuree  becoming  then  negative.  From  a  comparifon  of  tlic 
experiments  on  the  vapour  of  water  with  thofc  on  the  vapour  of 
alcohol,  a  remarkable  conclufion  was  derived :  for  it  appeared 
ihat,  after  the  firft  20''  of  Reaumur,  the  ftrength  of  the  va-» 
pour  of  fpirit  of  wine  was  to  tliat  of  the  vapour  of  water> 
nearly  in  the  fame  conftant  ratio  of  23  to  10,  or  7  to  3,  for 
any  one  and  the  fime  degree  of  heat.  Thus,  at  the  tempe- 
rature of  40''  of  Reaumur,  the  ftrength  of  the  fteam  of  water 
is  n-cafured  by  2 '97 11  Paris  inches  in  the  barometer,  and  that 
of  vapour  of  alcohol  by  6-9770,  the  latter  being  about  2  j  times 
the  former. 

61.  J  he  equations  to  the  curve  of  temperature  and  prefliirei 
denoting  the  relation  between  the  abfciflx  and  ordinates,  or  be- 
tween the  temperature  and  the  elafticity  of  the  vapour^  as  given 
by  M*  Bettancourt^  were  of  the  following  form. 


I.  For  w^tQT,  y    =z    g        --  e  —  e         +^  .• 

%m alcohol,  ^i=/  4"^  ""^  "1"^  ~'^* 

Where  y  reprefents  the  height  of  the  column  of  mercury  which 
xneafures  the  expanfive  force,  x  the  correfponding  degrees  of 
Reaumur's  thermometer,  and  the  other  letters  certain  values 
which  are  afiigned  to  them  in  the  inveftigation. 

62.  But  M.  Prony,  in  the  2d  volume  of  bis  Archit$Elttre  Hy* 
drauUqufj  has  thrown  thefe  equaitions  into  a  rather  more  con- 
venient form,  though  analogous  10  thofe  of  Bettancourt.  Hi^ 
formula  for  the  vapour  of  water  is  this, 

The  method  which  he  followed  confifted  m  fatisfymg  the  remits 
between  o"  and  80%  bv  means  of  the  two  firft  terms,  and  to 
interpolate  by  means  or  the  other  two,  the  differences  between 
die  obferved  values,  and  thofe  computed  by  the  twp  firft  terms, 
from  So*"  up  to  iio^  In  this  manner  he  fucceeded  to  exprefs 
fo  exactly  the  obfervations  in  their  whole  extent,  that  the  curves 
of  the  calculus  and  the  experiments  were  only  diftinguifiiablc 
the  one  from  the  other  by  fueh  little  anomalies,  as  were  ma« 
nifeftly  the  efieft  of  fome  trifling  though  inevitable  errors  in 
the  obfervations,  and  in  thq  graduations  of  the  fcales  in  the  ap- 
paratus. He  afterwards  deployed  an  equation  of  three  terms, 
giving  to  the  different  coefficients  the  following  values : 

f^  ac  I •17^805 l<^g- p,  =0*0692259 

p,,  =  i'047773     •     • •  log.  f„  =0-0202661 

p,,=  i'028i89 log.  f^,=  0^0 1 2073 6 

/^^=— 0*00000072460407 log.  ft,  =  78601007 

Fy,  =  +0*8648 1 88803  •.  .    ....     .  Ipg.fx,,,  =7936927 1 

fA,^^=-o'S648i8io57 .  log. /^^  =  1-9369248 

Subftituting  thefe  feveral  values  in  the  equation 

It  iatisaes  not  only  tlie  numbers  employed  in  its  formation,  but 
all  the  intermediate  obfervations,  as  may  be  concluded  from  the 
following  table,  which  exhibits  to  every  lo  degrees  of  Reau- 
mur's thermometer  the  barometrical  tefults  both  of  ohfenation  . 
and  the  calculus. 


^  I 

I 
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Tempe- 

Prcflurcs 

given  by 

Ano- 

rature. 

■ 

u 

n\a.lfteSw 

Experim. 

Calculus* 

AAAAla^  0* 

o 

O'oo  in. 

000  in. 

.    o'oo  in. 

lO 

0-15 

0-24 

+009 

ao 

0*65 

0*69 

+0-04 

30 

1*52 

1-51 

—  O'OI 

40 

2-92 

2-9S 

4-0*03 

so 

5*35 

5-42 

+0*07 

60 

9*95 

9*62 

-033 

70 

16-90 

I6-S7 

-0-3J 

80 

2800 

27-92 

—  o*o8 

90 

46*40 

45-87 

-0'53 

ICO 

no 

71*80 

7194 

+0-14 

98*00 

9^-36 

+036     1 

The  anomaltcs  are  generally  much  more  minute  than  in  the 
fbrmulse  of  four  terms  :  we  may  therefore  regard  the  equation 
juft  preceding  the  table,  which  is  more  Ample  than  that  of  Bet- 
tancourt,  as  reprefenting  the  phenomena  and  meafuring  the 
ciTeds  of  the  expanfivc  force  ot  the  fteam  of  water  with  all  dc- 
firable  accuracy.  M.  Prony  remarks,  that  the  fmallnels  of  the 
coefficient  ft,  will  allow  the  term  |x^  ^  *  to  be  negle£ied  in  reckon- 
ing between  o*  and  80® ;  and  thus  from  the  temperature  of  ice 
up  to  that  of  boiling  water,  the  equation  of  two  terms  alone 
wiB  fulEce,  that  is  to  fay y:=^^^  ^,^ «  +^^^^  ^^^^  c. 

63.  M.  Pron/s  equation  for  the  vapour  of  alcohol  comprifes 
5  terms  originally  :  but  in  mod  cafes  three  of  thofe  terms  will 
give  refuhs  fufficiently  accurate.  The  numeral  values  of  the 
coefficients  are  as  below : 

f,  =  X-II424 

e^  -  »*057i4 

P/y/=  079943 

ft,  =- 0*0021293 log.  ffc,  =  ^3282330 

1^,^=^+ o'9ii6iM log-iM'«=  ^959813^ 

p^^=+o'2097778 log.  ^^=  r32i7S9S 

F,v=-  i*n9267i  ^ 

Thefc  numbers  caufe  the  experiments  and  calculus  to  co* 
mcide  very  nearly,  when  introduced  into  the  equation 

The  magnitude  of  the  anomalies  will  be  teen  by  infpectmg 
Ae  following  table. 


log.  p^  =  0-04697771 

log.  e,,  =  0-02413079 

log-  Sn,-    "9027776 


JSta/licity  cfFaptur  i/Wattr  and  Alcohol. 
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Tempe- 

Prcffures given  by 

Ano- 

rature. 

ffialifts^ 

Experim. 

Calculus. 

o 

O'ooin. 

O'oo  in. 

O'OO 

10 

047 

0-45 

—  0*02 

20 

1-52 

156 

+0-04 

30 

349 

354 

+0-05 

40 

6*90 

697 

+0-07 

50 

n-^s 

12-93 

*  0-I2 

6« 

33 -6  J 

23-05 

—  0*50 

70 

39*30 

3931 

+0*01 

80 

6380 

*4-3S 

+0-55 

90 

98' 00 

9828 

+0*28 

umple  than  Bettancourt  s  ongtnal  equation* 


Tfau$  the  formula  for  the  vapour  of  fpirit  of  wine  is  found  ai 
Smple  as  that  for  the  vapour  of  water,  without  ceafing  to  re- 
present the  experiments  with  all  defirable  exadinefs.  But  more 
than  this,  we  may  retrench  one  of  the  variable  terms ;  for  in 
the  firft  degree  fc^^^  ^,,/  has  no  greater  value  than  0*18,  and 
when  X  is  2,  3,  or  any  other  pofitive  vahie^  this  third  term  may 
be  fafely  negie£ked.    The  equation  therefore  is  reduced  to 

a  form  much  more 

and  indeed  more  fimple  than  Prony's  improved  equation  for  the 

vapour  of  water. 

64.  To  fave  the  trouble  of  invefti^ating  the  (trength  of  the 
vapour  by  thefe  formula  for  every  feparate  cafe  that  may  occur, 
we  add  a  table  (calculated  from  thefe  principles^  in  wnich  the 
ftrength  of  the  vapour  both  of  water  and  of  fpirit  of  wine  is 
(hewn  for  every  degree  of  Reaumur's  thermometer  up  to  110% 
or  for  every  2|  degrees  of  Fahrenheit,  from  32  to  280° :  the 
ftrengths  are  exprefled,  not  in  £ngli(h  or  in  French  inches  upon 
the  barometer,  but  in  terms  whofe  unit  is  the  medium  preiTure 
of  the  atmofphere,  fuppoCng  that  medium  equivalent  to  29*9 
Englifliy  or  28  French  inches  of  mercury.  The  preffure  upon 
a  fquare  inch  in  pounds  averdupois  correfponding  to  any  tem- 
perature may  be  found  by  multiplying  the  correfponding  num- 
ber taken  from  the  table  by  14*75  :  and  the  preflure  for  any  in<» 
termediate  degree  of  Fahrenheit  may  be  found  prettv  nearly^ 
by  proportioning,  as  is  ufual  iiiJtables  of  Logarithms^^c^ 
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X 
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56 
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58 
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59 
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60 
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•81337 

^ 
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61 
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7 
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62 
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8 

50 
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63 
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9 
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•00740 
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64 
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10 
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65 
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66 
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Vapour  9/  Waiir  and  Alcohoh  6S 

"-  Sevml  curioiu  and  in  feme  refp^As'*  ufeful  cottft^queMet 
fnight  be  deduced  from  thefe  experiments  and  theoTems.  M. 
Bectancourt  (heirs  for  mftance,  that  the  effed  of  fteam  engines 
mtiftt  in  general,  be  greater  in  winter  than  in  fammery  owing 
«j  the  different  degreea  of  temperature  in  the  water  of  inje€lfon. 
Atki  from  die  greatly  foperior  ftrength  of  tlie  tapour  of  {fmt 
of  wine  ofer  3iat  of  water,  he  argues  thati  by  trying  other 
fluida,  fome  may  be  foutul,  not  very  expenfivei  whofe  vapour 
may  be  fo  much  ftronger  than  that  of  water,  with  the  fame 
d^ee  of  heat,  that  it  may  be  fubftituted  inftead  of  water  in 
the  boilers  of  fteam  engines,  to  the  great  faving  in  the  expenee 
of  fttd :  nay,  he  eVen  aderts,  that  fpirit  of  wine  itfelf  might 
thus  be  employed  in  a  machine  of  a  particular  conftruAionf 
which,  with  tne  fame  quantity  of  Fuel,  and  without  any  in« 
create  of  expenee  in  other  things,  0>all  produce  an  efied  far 
foperior  to  what  is  obtained  from  the  fteam  of  water.  Another 
m  of  thefe  refearches  fuggefted  by  M.  Bettancourt  \%  to  mea-> 
Cure  the  height  of  mountains  by  means  of  a  thermometer  im^ 
nierfcd  m  boilrng  water }  which  he  thinks  may  be  dofle  with  s 
precifion  equal,  if  not  fuperior,  to  that  of  the  barometer.  But 
this,  being  ftircign  to  our  prefeni  enquiries,  cannot  be  entered 
upon  here :  a  comparifon  of  the  refults  of  this  method  with 
fome  deduced  from  the  more  caftomary  ptoccfs  may  be  fcen  in 
Dr.  Huttoti's  Didlionary,  vol.  IL  pa.  756,  to  which  fuch  aa 
are  defirous  of  further  information  on  this  point  are  referred. 

65.  Our  ingenious  countryman  Mr.  Ualton,  of  Manchefter, 
is  of  opinion  that  M.  Bctt;uicouTt's  deductions  are  not  quite  ac- 
curate. His  chief  error  coiiiilU  in  hiving  aflumcJ  tlic  force  of 
vapour  from  water  of  32"  (Fahrenheit)  to  be  xiothiag;  which 
makes  his  numbers  eflcntially  w'toiig  at  that  point  and  in  all  the 
lower  parts  of  the  fcalc :  aud  in  tlie  liigher  part,  or  that  which 
is  above  2 1 2%  (he  farce  is  deterouned  too  much;  owing,  as 
Mr.  Daltofi  apprehends,  to  a  quantity  of  air,  which  being  dif- 
engaged  from  the  water  by  heat  and  mixing  with  the  fteam,  in« 
creafes  the  clalticiry. 

Mr.  Dalton's  fitft  expctimeftts  with  fpirit  of  wine  led  him 
to  adopt  tile  fame  conclu(io)i  as  M.  Bettancourt,  with  refpeA  to 
the  conftatit  ratio  biitwCen  the  force  of  the  vapour  from  this 
fpirit  and  tiiat  from  water  ^  and  infeircd  the  (;une  with  regard 
to  the  vapottr  from  other  fluids,  ftut,  on  pnrfoing  the  fubjed):^ 
he  concluded  that  this  principle  was  not  true/  cither  with  rc- 
fpcGt  to  fmtit  of  wfnc  or  any  oth^  Irquid.  His  erperimeftts 
upon  ftt  different  Kqnids  agree  hi  eftablifliing  as  a  general  law, 
**  Tl6rf/  the  vafiathn  cf  the  prce  of  vapour  from  all  Uqu'tds  is  thi 
^  fahiefcr  ihrfume  ^^ariaticn  of  tcmpeYature ^  rechimgfrom  vapcut 

**  2^^'  grvefrfonr:  thus,  ammaing  a  fore*  equal  to  thh-fy  inlchci 
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^  ctf  mercury  :rs  the  ftalldardi  it  being  the  force  of  rapoor  hdtd 
^  any  liquid  boiling  in  the  open  air^  we  find  aqiuws  Taponf 
^  lofes  half  its  force  by  a  diminution  of  30  degrees  of  tem^ 
^  perature :  fo  does  the  vapour  of  any  other  liquid  lofe  half  it» 
**  force  by  diounifliing  its  temperature  30  degrees  below  that 
**  in  which  it  boils  y  and  the  like  for  any  other  increment  or  de* 
^  cr^ment  of  heat.  This  being  tile  cafe^  it  becomes  unneceffiury 
^'  to  give  diftkicl  tables  of  the  force  of  vapour  from  different 
^  liquids,  as  one  and  the  fame  table  is  fufficient  for  all." 

The  experiments  on  which  this  conclufion  refl;s»  are  related 
ki  tlie  fifth  volume  of  the  Monchefttr  Memmrs :  they  may  alfa 
be  feen  in  the  6th  volume  of  the  New  Series  of  Mr,  Nicholfw^s 
Journal.  Mr.  Dalton  has  calculated  a  table  of  the  force  o£ 
vapour  of  water  from  the  temperature  of  40''  below  zero  of  Falw 
fenbeity  to  3^5''  above  it.  From  this  table  we  have  extracted  the 
following ;  in  which  we  have,  as  before,  reduced  the  force  ta 
the  medium  preflure  of  the  atmofphere  for  the  meafurisg  unity 
that  the  fmall  differences  in  the  refults  of  the  Engliih  s^  the 
Spaniib  pbilofopber  may  be  the  more  readily  traced*. 
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•6333 

315 

4*309 

200 

•7880 

320 

4-500 

210 

•9613 

32s 

4-690 

66*  There  remains  for  us  to  confider  another  kind  of  mover 
of  machinery,  which  is  Akimal  Exertion,  and  which  is  of 
fo  flu<^uating  a  nature  that  it  is  not  eafy  to  fubje£l  it  to  any 
^(timate.  Pnyfical  caufes  muft  affe£l  both  the  magnitude  and 
duration  of  the  efforts  either  of  man  or  beaft^  and  pefides  this,. 
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tte  ftteilgth  of  tfian  Is  confid^rabiy  influenced'  by  his  ntbral 
haUts.  The  various  combinations  of  thefe  different  caufes  have 
occafioned  a  variety  of  eftimatei  of  animal  labour  to  be  ad* 
Vaaced  by  different  authors. 

In  the  firft  volume  of  this  work  (art.  378.)  we  ftlited  th* 
average  force  of  a  man  at  reft  to  be  70  lbs. j  and  his  utmoft 
wafting  velocity  when  unloaded  to  be  about  6  feet  per  fecdnd  ^  ' 
and  we  thence  inferred  that  a  man  would  produce  the  greateft 
momentum  when  drawing  31^  lbs.  along  a  horizontal  plane 
with  a  velocity  of  2  feet  per  fecond.  But  this  is  not  the  mod 
advantageous  way  of  applying  human  ftrength. 

67.  Dr.  Defaguliers  afTerts,  that  a  man  can  raife  of  water  or 
any  other  weight  about  550  lbs.,  or  one  hogfhead  (weight  of 
the  vefl^l  included),  10  feet  high  in  a  minute:  this  ftatement^ 
though  he  fays  it  will  hold  good  forv6  hours,  appears  from  ht9 
cwn  fafts  to  be  too  high ;  and  is  certainly  fuch  as  could  not  be 
continued  one  day  after  another.     Mr.  Sme^ton  conGdets  thig 
work  as  the  efibrt  of  hafte  or  diftrefs  5  and  reports  that  6*  good 
EngliQi  labourers  will  be  required  to  raife  21 141  folid  feet  of 
iea  water  to  the  height  of  four  feet  in  four  hours  :  in  this  cafe 
the  men  will  raife  a  very  little  more  than  6  cubic  feet  of  freih 
water  each  to  the  height  of  10  feet  in  a  minute.    Now  the 
hogfliead  containing  about  %\  cubic  feet,  Smeaton's  allowance 
of  work  proves  lefs  than  that  of  Defaguliers  in  the  ratio  of  6  to 
87  or  3  to  4^     And  as  his  good  Engliih  labourers  who  can 
work  at  this  rate  ^re  eftimated  by  him  to  be  equal  to  a  double 
fet  of  common  men  picked  up  at  random,  it  feems  proper  to 
ftate  that,  with  the  probabilities  of  voluntary  interruption,  and 
other  incidents,  a  man's  work  for  feveral  fuccefiive  days  ought 
tiot  to  be  valued  at  more  than  half  a  hogfhead  raifed  10  feet 
high  in  a  minute.     Smeaton  likewife  ftates,  that  2  ordinary 
horfes  will  do  the  work  in  three  hours  and  twenty  minutes^ 
which  amounts  to  little  more  than  two  hogfheads  and  a  half 
raifed  10  feel  high  in  a  minute.     So  that,  if  tnefe  ftatements  be 
accurate,  one  horfe  will  do  the  work  of  five  men. 

68.  Mr.  Emerfon  affirms,  that  a  man  of  ordinary  (Irength 
turning  a  roller  by  the  handle  can  a£l  for  a  whole  day  againft 
a  refiftance  equal  to  qo  pounds  weight;  and  if  he  works  10 
hours  a  day  he  will  rai^  a  weight  of  30  lbs.  through  3^  feet  iir 
a  fecotid  of  time;  or,  if  the  weight  be  greater,  he  will  raife  it 
to  a  proportionally  lefs  height.  If  two  men  work  at  a  windlafs 
fjpt  roller,  they  cait  more  eafily  draw  up  70  lbs.  than  one  masi 
can  30  lbs. ;  provided  the  elbow  of  one  of  the  handles  be  at 
right  angles- to  that  of  die  other*  Men  ufed  to  bear  loads,  fuch 
as  porters,  will  carry  from  150  lbs.  to  200  or  250  Ibsv  according 
to  their  ftrength.     A  man  cannot  well  draw  more  than  70  lbs. 

vo^.  II.  jr 
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4)r  Solbs.  hdriisentallf :  and  lie  cannot  thtud  mrith  »  gft^cf 
force  a^ing  horizontally  at  the  height  q{  hi$  ihoiilders  than  27 
or  30  lbs.  But  OQC  of  the  iiA>ft  advantageous  ways  in  whidii  9 
man  can  exert  his  force  is  to  (it  and  pQll  towards  hiqd  n^axlf 
bcrizontallyy  as  in  the  a£tion  of  rowing. 

69.  M.  Coulumb  communicated  to  the  French  Natiwiil 
Inftitute  the  refults  of  various  experiments  on  the  quaatity  of 
a£lion  which  men  can  afford  by  their  daily  work^  according  to 
the  difierent  manners  in  which  they  employ  their  ftrength-  In, 
the  firft  place  he  examined  the  quantify  of  a&ion  which  oaea 
can  produce  when,  during  a  day,  they  mount  a  fet  of  fteps  or 
{lairs,  either  with  or  without  a  burthen*  He  found  that  the 
quantity  of  a£Vion  of  a  man  who  mounts  without  a  burthen^ 
paving  onlv  his  own  body  to  raife,  is  double  that  of  a  maa 
loaded  witn  a  weight  of  68  kilogr^unmes^  or  923  lbs.  aver^ 
ilupois*,  both  continuing  at  work  for  a  day.  Hen^e  it  appears 
how  much,  with  equal  fatigue  and  timet  the  total  or  ab(qlut€ 
effort  may  obtain  different  values  by  raryiag  the  combinatiooa 
of  effort  and  velocity. 

But  the  word  effe^  here  denotes  the  total  quantity  of  labour 
employed  to  raife,  hot  only  the  burthen,,  but  the  man  himfelf  $ 
and,  as  Coulumb  obferves,  what  is  of  the  greateft  impoTtance  ^ 
to  confider  is  the  u/tfu/  effcEiy  that  is  to  fay,  the  total  effedy  de- 
^u£ting  the  value  which  reprefepts   the  transference  of  the 
weight  of  the  man's  body.     This  total  effeA  is  the  greateft 
poflible  when  the  man  afcends  without  a  burthen  \  but  the 
mfeful  efFe£):  is  then  nothing :  it  is  alfo  nothing  if  the  man  be  fer 
much  loaded  as  to  be  fcarcely  capable  of  moving  ;  and  confe* 
ijuently  there  exifts  between  thefe  two  limits  a  value  of  the 
load  fuch  that  the.  ufeful  effect  is  a  maximum.    M.  Coulumb 
fuppofes  that  the  lofs  of  quantity  of  a49:ion  is  proportional  to 
the  load  (an  hypothefis  which  experience  confirms),  wheoce  h^e 
obtains  an  equation  which,  treated  according  to  the  rules  of 
maxima  and  minima,  gives  53  ktlogramn^es  (173-}  lbs.  averd*) 
for  the  weight  with  whrth  the  man  ought  to  be  loaded,  in  order 
to  produce  during  one  day,  by  aCcending  ftairs,  th^  gteateil 
ufetul  efFe£k :  the  quantity  of  a£iion  which  refults.  from  thi^ 
determination  has  for  its  value  56  kilogrammes  ( 183^  lbs,  averd.) 
raifed  through  one  kilcnnetre,  or 'nearly  1094  yards.     But  this 
method  of  working  is  attended  with  a  lofs  of  thfee-fourths  of 
the  total  TiQCxovi  of  men,  and  confequently  cods  four  times  a^ 
much  as  work  iri  which,  after  having  mounted  a  fet  of  fteps 
without  any  burthen,  the  man:  fliould  fufFer  himfelf  to  fall  by 
any  means,  fo  'as  to  raife  a  weight  nearly  equal  to  that  of  hi« 
own  body. 

•  The  kilogramme  Is.=  a2966  grs.  =  3*a8  lbs.  averd.      , 


ittWk  an  exatninatioii  of  the  work  of  men  Walking  on  a  ho-> 
ti2Qn€aI  path,  with  or  without  a  load,  M.  Coulumb  concludes 
chat  the  greateft  quantity  of  a£lion  takes  place  when  the  men 
walk  being  loaded ;  and  is  to  that  of  men  walking  under  a 
load  of  5$  kilogrammes  {ig^i  lbs.  ayerd.)  nearly  as  7  to  4. 
The  weight  which  a  man  ought  to  carry  in  order  to  produce 
the  greateft  uftful  effe&,  naipely,  that  tfkOi  in  which  the  quan- 
tity of  aftion  relative  to  the  carrying  his  own  weight  is  de- 
dueled  from  the  total  efie£t,  is  50*4  kilogrammes^  or  165*3  lbs* 
ayerdupois. 

There  is  a  particular  cafe  vrhich*  always  obtains  with  refpe£l: 
to  burthens  carried  in  townsj  viz.  that  in  which  the  men,  after 
having  carried  their  load,  return  unloaded  for  a  new  burthen. 
The  weight  they  (hould  carry  in  this  cafe,  to  produce  the  greateft 
efieft,  is  61  25  kilogrammes  (2007  lbs.  averd.).  The  quantity 
of  ufeful  zQixon  in  this  cafe  compared  with  that  of  a  man  who 
walks  freely  and  without  a  load  is  nejirly  as  i  to  5,  or,  in  other 
words,  he  employs  to  pure  lofs  ^  of  his  power.  By.caufin?  a. 
man  to  mount  a  fet  of  fteps  freely  and  without  burthen,  nis 
quantity  of  a£tion  is  at  lean;  double  of  what  h^  affords  in  any 
'  other  method  of  employing  his  ftrength. 

When  pien  labour  in  cultivating  the  ground,  the  whole  quan- 
tity afforded  by  one  during  a  day  amounts  to  100  kilogrammes 
elevated  to  one  kilometer,  that  is,  328  lbs.  raifed  ZO94  yards. 
M«  Coulumb  comparing  this  work  with  that  of  men  employed 
•to  carry  burthens  up  an  afcent  of  fteps,  or  at  the  pile-engmc, 
finds  a  lofs  of  about  -^js  part  only  of  the  quantity  of  a^ion 
which  may  be  neglected  in  refearcnes  of  this  kind* 

In  eftimating  mean  refults  we  fhould  not  determine  from 

experiments  of  fliort  duration,  nor  fliould  we  make  any  de- 

.dudions  from  the  exertions   of  men  of  more  than  ordinary 

.  ftrength.    The  mean  refults  have  Ukewife  a  relation  to  climate. 

**  I  have  caufed,"  fays  M.  Coulumb,  **  extenfive  works  to  be 

executed  by  the  troops  at  Martinico,  where  the  thermometer 

iof  Reaumur)  is  feldom  lower  than  20°  (77**  of  Fahrenheit), 
have  executed  works  of  the  fame  kind  by  the  troops  in 
'  France :  and  I  can  affirm  that  under  the  fourteenth  degree  of 
latitude,  where  men  are  almoft  always  covered  with  perfpira- 
tidn,  they  are  not  capable  of  performing  half  the  work  they 
could  perform  in  our  climate**"  Bulk  tin  di  la  Soc.  Philomatb^ 
No.  16. 

♦  Iw  the  preceding  account  of  the  eflfeds  of  human  exertion,  fince  the 
profiled  objtd  was  to  ftate  the  mean  refults  of  regular  and  uniform  la- 
bour, we  have  taken  no  notice  either  of  feats  of  extraordinary'  ftrength , 
or  of  fuch  as  were  in  aptearance  fucb,  while  in  reatity  they  were  the  cf- 
fe^  of  conUivance  and  fluU,  aad  might  have  been  performed  by  aknoft 
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70.  Among  quadrupeds  the  m^ft  ufeful  as  a  firft  movef  of 
fnachinery  is  the  horfe.    The  ftrength  of  this  animal'  is  pro- 

an^r  men  who  had  fufficicnt  knowledge  of  the  fubjeA  to  exert  their 
ftrength  under  (imilar  circumflances.  But  as  it  may  be  expected  that 
fome  notice  fhould  be  taken  of  fuch  matters,  we  mall  throw  into  thi« 
note  a  few  remarks  which  have  formerly  been  made  in  reference  to  them. 

M.  de  la  Hire,  in  an  Examination  of  the  Force  o/Mefif  given  in  the  Me- 
moirs of  the  Academy  of  Sciences  for  16^9,  lays,  *^  There  are  men 
whofe  fpirits  flow  fo  abundantly  and  fo  fwiftiy  into  their  mufcles,  that 
they  exert  three  or  four  times  more  ftrength  than  others  do ;  and  this 
feenrs  to  me  to  be  the  natural  rcafon  of  the  furprifing  ftrength  that  we 
fee  in  ibme  men  who  carry  and  raife  weights  which  two  or  three  ordinary 
men  can  hardly  fuftain,  though  thefe  m€n  be  fometimes  but  of  a  moderate 
ftature,  and  rather  appear  weak  than  ftrong.  There  was  a  man  in  this 
country  a  little  whiti  ago,  who  would  carry  a  very  large  anvil,  and  of 
whom  were  reported  fevcral  wonderful  feats  of  ftrength.  But  I  faw  an- 
other at  Venice,  who  was  but  a  lad,  and  did  not  feem  able  to  carry  abovt 
^o  Of  50  lbs.  with  all  poffible  advantages ;  yet  this  young  fellow,  ftandin^ 
upon  a  table,  raifed  from  th*;-  earth,  and  fuftained  off  the  ground,  an  afs* 
by  means  of  a  broad  girt,  which,  going  under  the  creature's  beljy,  was 
hung  upon  two  hooks  that  were  faftened  to  a  plat  of  fmall  cords  coming 
down  in  treflcs  from  the  hair  on  each  fide  of  the  lad's  head,  which  were 
in  no  great  quantity.  Anil  all  this  great  force  depended  only  upon  the  tnuf" 
cles  of  tbejhoulders  and  tbofe  of  the  loins  :  for  he  (looped  at  firft  whilft  tn€ 
hooks  were  faftened  to  the  girt,  and  then  raifed  himfelf,  and  lifted  up  the 
afs  from  the  ground,  bearing  with  his  hands  upon  his  knees.  He  raifed 
alfo  in  the  fame  manner  other  weights  that  fecmed  heavier,  and  ufed  to 
fay  he  did  with  more  eafe,  becaufe  the  afs  kicked  and  ftruggled  when 
firfl  lifted  from  the  ground." 

Dr.  Defaguliers,  in  fome  annotations  upon  De  la  Hire's  paper,  fays» 
"  What  he  attributes  here  to  the  mufcles  of  the  loins  was  really  per- 
formed by  the  extcnfors  of  the  legs ;  for  the  young  man's  ftooping  with 
his  hands  upon  his  knees  was  not  with  his  body  forwards  and  his  knees 
ftiflf,  but  his  body  upright  and  his  knees  bent,  fo  as  to  bring  the  two 
cords  with  which  he  lifted  to  be  in  the  fame  plane  with  his  ancles  and 
the  heads  of  his  thigh  bones ;  by  which  means  the  line  of  diretflion  of 
the  man  and  the  whole  weight  dame  between  the  ftrougeft  part  of  his  two 
feet,  which  are  the  fupports :  then  as  he  extended  his  legs  he  raifed  him- 
felf, without  changing  the  lii^e  of  diredtion.  That  this  muft  have  been 
the  manner  I  am  pretty  well  aflured  of,  by  not  only  obferving  thofe  that 
perform  fuch  feats,  but  having  often  tried  it  myielf.  As  for  the  mufcles 
of  the  loins,  they  are  incapable  of  that  ftrain,  being  above  6  times  weaker 
than  the  extenfors  of  the  legs  ;  at  leaft  I  found  them  fo  in  myfelf. 
.  "  About  the  year  17 16,  having  the  honour  of  fliewing  a  great  many 
experiments  to  his  late  majefty  king  George  the  firft,  his  majcfty  was 
delirous  to  know  whether  there  was  any  fallacy  in  tbofe  feats  of  ftrength 
that  had  been  fliewn  half  a  year  before,  by  a  man,  who  feemed  by  his 
make  to  be  no  ftronger  than  other  men  :  upon  this  I  had  a  frame  of 
wood  made  to  ftand  in  (and  to  reft  my  hands  upon),  and  with  a  girdle 
and  chain  lifted  an  iron  cylinder  made  ufe  of  to  roll  the  garden,  fuftain- 
ing  it  eafily  when  once  it  was  up.  Some  noblemen  and  gentlemen  who 
were  prefent  tried  the  experiment  afterwards,  and  lifted  the  roller ;  fome 
with  more  eafe,  and  fome  with  more  difficulty,  than  I  had  done.  This 
roller  weighed  i9oolbs.  as  the  gardener  told  us.  Afterwards  I  tritrd  to 
lift  300  lbs*  with  my  hapd.Sj  (vi^&r  two  pails  with  159  lb«.  of  quicl61|[er 
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bably  about  fix  times  that  df  a  man.  .Defaguliers  dates  the 
pro|)ortion  as  5  to  t  ;  coinciding  with  the  d^du£lions  of  Smea« 

in  each),  which  I  did  indeedrraife  from  the  ground,  but  ftrained  oiy  baek 
fo  as  to  f(eel  it  three  or  four  days :  which  fhews  that,  in  the  fame 
perfon,  the  mufcles  of  the  loins  (which  exerted  their  force  in  this  \zSt 
experiment)  are  more  then  fix  times  weaker  than  the  extenfors  of  the 
legs :  for  I  felt  no  inconveniency  from  raifing  the  iron  roller." 

During  the  time  occupied  in  printing  the  fecond  volume  of  Dr. 
Defaguliers's  Philofophy,  a  man  of  great  natural  itrength  exhibited  him- 
felf  in  London  :  of  this  man  the  doctor  gives  an  account,  from  which  tb« 
following  is  extracted : 

'*  Thomas  Topbam^  bom  in  London,  and  now  about  31  years  of  age» 
five  feet  ten  inches  high,  vfrith  mufcles  very  hard  and  prominent,  was 
brought  up  a  carpenter,  which  trade  he  pradifed  till  within  thefe  fix  or 
feven  years  that  he  has  fliewed  feats  of  ftrength  :  but  he  is  entirely  igno- 
rant of  any  art  to  make  his  ftrength  more  furprifing.  Nay,  fometimes  he 
does  things  which  become  more  difficult  by  his  difadvantageous  fituation  \ 
attempting,  and  often  doing,  what  he  hears  other  ftrong  men  have  done, 
without  making  ufe  of  the  fame  advantaj^es. 

^  About  {vk  years  ago  he  pulled  agamft  a  horfe,  fitting;  upon  the 
^ound  with  his  feet  againft  two  flumps  driven  into  the  ground,  but 
without  the  advanta^a  which  might  have  been  attained  by  placing  him* 
lelf  in  a  proper  fituation ;  the  horte,  however,  was  not  able  to  move  him» 
'  and  he  thought  he  was  in  the.  right  pofture  for  drawing  againil  a  horfe  ; 
but  when,  in  the  fame  pofture,  he  attempted  to  draw  againft  two  horfes, 
be  was  pulled  out  of  his  place  by  being  lifted  up,  and  had  one  of  his 
knees  ftruck  againft  the  ftumps,  which  (battered  it  fo,  that,  even  to  thia 
day,  the  patella^  or  knee  pan,  is  fo  loofe,  that  the  ligaments  of  it  feem 
cither  to  be  broken  or  qmte  relaxed,  which  has  taken  away  moft  of  the 
ftrength  of  that  leg." 

Tbe  exploits  which  Dr.  Defaguliers  faw  him  perform  were  thefe : 

*'  I.  By  the  ftrength  of  his  fingers  (only  rubbed  in  coal  afhes  to  keep 
them  from  flipping,)  he  rolled  up  a  very  ftrong  and  large  pewter  diih.  ^ 

*'  1.  He  broke  feven  or  eight  ihort  and  ftrong  pieces  of  tobacco-pipe 
with  the  force  of  his  middle  finger,  having  laid  them  on  the  firft  and  third 
finger. 

'•  3.  Having  thruft  in  under  his  garter  the  bowl  of  a  ftrong  tobacco** 

Eipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his 
ams,  without  altenng  the  bending  of  his  leg. 

*'  4.  He  broke  fuch  another  bowl  between  his  firft  and  fecond  finger^ 
by  prefling  his  fingers  together  fideways. 

"  5,  He  lifted  a  table  fix  feet  long,  which  hj^-d  half  a  hundred  weight 
haiigin^  at  the  end  of  it,  with  his  teeth,  and  held  it  in  an  horizontal 
pofition  for  a  confiderable  time.  It  is  true  tbe  feet^of  the  table  refted 
againft  his  knees  ;  but,  as  the  lenjgth  of  the  table  was  much  greater  than 
its  height,  that  performance  required  a  great  ftrength  to  be  exerted  by 
the  mufcles  of  his  loins,  thofe  of  his  neck,  the  majfttcr  and  temporal 
(mufcles  of  the  jawsj,  befides  a  good  fet  of  teeth.  • 

'*  6.  He  took  an  iron  kitchen  poker,  about  a  yard  long,  and  threo 
inches  in  circumference,  and,  holding  it  in  his  right  hand,  he  ftruck  upon 
bis  bare  left  arm,  between  the  elbow  and  the  wrift,  till  he  bent  the  poker 
nearly  to  a  right  ang!e« 

"  7.  He  took  fuch  another  poker,  and  holding  tbe  ends  of  it  in  his 
^ands,  and  the  middle  againft  the  back  of  his  neck,  he  brought  both  encta 
pf  U  together  before  him  \  and|  what  was  yet  more  difiicult^  he  pulled  if^ 
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top,  before  mentioned.  The  French  autliors  <omm<Mily  reckon 
7  men  for  i  horfe.     As  ^  mean  between  th^fe,  we  tdokj  ill 

almoft  ftraight  again :  becaufe  the  mufcles  wbich  feparate  the  arma 
horizontally  from  each  other  are  not  fo  ftrong  as  thofe  that  brmg  >theat 
togetha*. 

**  8.  He  broke  a  rope  df  about  two  inches  hi  circumference,  whkb 
was  in  part  wound  about  a  cylinder  of  four  inches  diameter,  havixl^ 
^iftened  the  other  end  of  It  to  (traps  that  went  over  his  fhoulders.  But 
he  exerted  more  force  to  do  this  than  any  other  of  his  feats,  from  hia 
awkwardnefs  in  going  about  it ;  for  the  rope  yielded  and  ftretched  as  htf 
flood  upon  the  cylinder,  fo  that  when  the  extenfors  of  the  legs  and  thighs 
had  done  their  office  in  bringing  his  legs  and  thighs  ftraight,  he  was 
forced  to  raife  his  heels  from  their  bearings,  and  ufe  Other  mufdes  that 
are  weaker.  But  if  the  rope  had  been  fo  fixed  that  the  part  to  be  broken 
had  been  fiiort,  it  would  have  been  broken  with  four  times  lefs  difficulty* 

'^  9.  I  have  feen  him  lift  a  rolling  ftone  of  about  800  lbs.  with  his 
hands  only,  Handing  in  a  frame  above  it,  and  taking  hold  of  a  chain  that 
"^as  faftened  to  it.  By  this,  I  reckon  he  may  be  almoft  as  ftrong  again 
as  thofe  who  ai-e  generally  reckoned  the  ftrongeft  nwn,  they  generallf 
fifting  no  more  than  400  lbs.  in  that  manner.  The  weakeft  men  i^ho 
are  in  health,  and  not  too  fot,  lift  about  125  lbs.  having  about  half  tha 
Arength  of  the  ftrongeft. 

**  N.  B.  This  fort  of  comparifon  is  chiefly  in  relation  to  the  mufclei 
ef  the  loins ;  becaufe  in  doing  this  erne  muft  ftoop  forwards  a  little^ 
We  muft  alfo  add  the  weight  of  the  body  to  the  weight  lifted.  So  that 
if  the  weakeft  man  s  body  weigh  150  lbs.  that  added  to  11$  lbs.  mak^ 
the  whQle  weight  lifted  by  him  to  be  ^75  lbs.  Then  if  the  ftrongcr  man'a 
body  weighs  alfo  150  lbs.  the  whole  weight  lifted  by  him  will  be  550  lbs/ 
that  is  400  fbs.  and  the  150  lbs.  which  his  body  weighs.  Topham  weigha 
about  2oolbs.  which,  added  to  the  800  lbs.  that  he  lifts,  makes  looclbs; 
But  be  ought  to  lift  900  lbs.  befides  the  weight  of  his  body,  to  be  as 
ftrong  again  as  a  man  of  150  lbs.  weight  who  can  lift  400  lbs.** 

A^ain  :  **  About  thirty  years  ago  one  Jo^ce,  a  Kentiih  man,  famous 
for  his  great  ftriength,  (hewed  feveral  feats  m  London  and  the  country, 
which  10  much  furprifcd  the  fpe^ators,  that  he  was  by  moft  people 
called  tbeficond  Samp/on,  But  though  the  poftures  which  he  had  learnt 
to  put  his  body  into,  and  found  out  by  praflice  without  any  mechanical 
theory,  were  fuch  as  would  make  a  man  of  common  ftrength  do  fuch 
feats  as  would  appear  furprifing  to  every  on<*  who  did  not  know  tho 
advantage  of  thofe  pofitions  bi  the  body  j  yet  nobody  then  attempted 
to  draw  againft  horfes,  or  raife  great  weights,  or  io  do  any  other  thing  in 
imitation  of  him :  because,  as  he  was  very  ftrong  in  tne  arms,  and 
grafpcd  thofe  thnt  tried  his 'ftrength  that  way  fo  hard  that  they  were 
obliged  immediately  to  defire  him  to  defift,  his  other  feats  (wherein  hia 
manner,  of  acting  was  chiefly  owing  to  the  mf  chanical  advantage  gained 
by  the  pofition  of  bis  body,)  were  entirely  attributed  to  his  extraordinary 
ftrength. 

'  "  But  when  he  had  been  gone  out  of  England,  or  had  ceafed  to  fhew 
Ills  ptrformances  for  eight  or  ten  years,  men  of  ordinary  ftrength  found 
out  the  way  of  making  fuch  advantage  of  the  fame  poftures  as  Joyce  ha4 
.  jput  himUf  into  as  to  pafs  for  men  of  more  than  common  ftrength,  by 
drawing  againft  horfes,  breaking  ropes,  lifting  vaft  weights,  &C.  (though 
they  could  in  none  of  the  poftures  really  perform  fo  much  as  Joyce, 
^ct  they  did  enough  to  ani'axe  and  amufe,  and  get  a  great  deal  of  monef^c 
.fo  yiat  every  twQ  or  three  years  we  had  a  xrwjecoml  Sam|>lb»<  -     • 
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«ti  3781  Tol.  L  the  propoition  of  6  to  i,  and  ftated  the  ftrength 
ef  a  borfe  as  equivalent  to  420  lbs.  at  a  dead  pull.  But  the  pro*' 
pottion  is  by  no  means  conftant,  for  it  varies  greatly  according 
to  the  difierent  kmds  of  work^  Thus  the  worft  way  of  apply^' 
ing  the  ftrength  of  a  horfe  is  to  make  him  carry  a  ireight  up  a- 
fleep  hill ;  while  the  organization  of  a  man  fits  him  very  weiL 
for  this  kind  of  labour :  hence,  three  men  climbing  up  fuch  a^ 
bill  with  a  weight  of  100  lbs.  each  will  prxxeed  f after  than  x 
horfe  with  a  load  of  300  lbs«  This,  we  believe,  was  firft  ob« 
fer\'ed  by  M.  de  ia  Hire. 

We  are  not  acquainted  with  any  feries  of  experiments  which 
hzvt  been  made  with  a  view  of  determining  the  weights  horfes: 
€an  carry  when  moving  up  floping  roads,  making  given  angles 
with  the  horizon :  but,  fortunately,  this  deficiency  is  not  of 
much  confequence,  becaufe  the  carrying  of  weights  is  far  from 
the  beft  manner  of  employing  .  the  ftrength  of  a  horfe.  It  is 
known,  however,  that,  in  general,  a  horfe  loaded  with  a  n^an  and 
his  equipage,  weighing  altogether  about  2  cwt.  may,  without 
being  forced,  travel,  in  7  or  8  hours,  the  diftance  of  43000 
yards,  or  nearly  aj  miles,  upon  a  good  road.  When  a  norCer 
travels  day  after  day  without  ceflation,  either  the  weight  he 
carries  or  the  diftance  palled  over  muft  undergo  fome  diminiK* 
tion,  as  well  as  the  time  aftually  employed  in  travelling :  but  wa 
do  not  pretend  to  aflign  a  mean  value  m  this  place. 

^'  ^bout  fifteen  years  ago  a  German  of  middle  (ize,  and  but  ordinary 
ftrength,  {hewed  himfelf  at  the  Blue  Pofts^  in  the  Haymarket,  and,  by  the 
contrivances  above-mentioned,  pafled  for  a  man  of  uncommon  ftrength, 
and  got  confiderable  fums  of  money  by  tHe  daily  concoutfe  of  fpcdtators. 
Jkfitt  having  feen  him  once,  I.gueflld  at  his  mjinner  of  Impofing  upon 
the  multitude ;  and  being  refolved  to  be  fiilly  fatisfied  in  the  matter,  I 
took  four  very  curious  perfons  with  me  to  fee  him  again,  viz.  the  lord 
fnarquis  of  TuJlibardin,  Pr.  Alexander  Stuart,  Dr.  Pringle,  and  a  mecha* 
nical  workman  who  ufed  to  aflid  me  in  my  courfes  of  experiments; 
We  placed  ourfeives  in  fuch  manner  round  the  operator,  as  to  be  able 
to  obferve  nicely  all  that  he  did ;  and  found  it  fo  practicable,  that 
we  performed  feveral  pf  his  feats  that  evening  by  ourfelves,  and  after- 
wards I  did  the  moft  of  the  rcil,  as  I  had  a  frame  to  fit  in  to  draw,  and 
another  to  itand  in  and  lift  great  v<^eightj»,  together  with  a  proper  girdle 
and  hooks.  I  likewife  fliewed  fome  of  the  experiments  before  the, Royal 
Society;  and  evtr  iince  at  my  experimetital  ledtures  I  explain  the 
reafon  of  fuch  performances,  and  take  any  perfoft  of  ordinary  ftrength 
that  has  a  mind  to  try,  who  can  ealiiy  do  all  that  the  German  above^ 
mentioned  ufed  to  do,  without  any  danger  or  extraordinaiT  ftraining, 
by  making  ufe  of  my  apparatus  for  that  purpofe." 

The  Do^or  then  proceeds  to  explain  the  principles  on  which  thefe 
achievements  depended,  and  illuftrates  his  pofuions  by  various  diagrams. 
He  likewife  deCcribes  fome  contrivances  to  determine  the  ftrength  which 
tticn  exert  in  different  ways  ;  for  an  account,  of  the  chief  of  which,  the 
reader  may  turn  to  the  article  Steeltakd,  to  afcertdin  tt>e  Strength  of 
iySo>/^iu3Uibf«^ueatpa^of  thiavtiiiftpe.  , 


It  MECHANICS. 

'  71.  In  tbe  Memoirs  of  the  French  Academy  for  170}9  atlr 
inferted  the  comparative  obfervations  ^f  M.  Amontons,  on  the 
velocity  of  men  and  of  horfes  ;  in  which  he  dates  the  velocity 
of  a  horfe  loaded  with  a  man  and  walking  to  -be  rather  more 
than  5  J-  feet'pcr  fecond,  or  3^  miles  per  hour,  and  when  going  a 
moderate  trot  with  the  fame  weight  to  be  about  87  feet  per 
fecondj  or  about  6  miles  per  hour.  Thefc  velocities)  however, 
are  fomewhat  lefs  than  what  might  have  been  tak^n  for  the  mean 
velocities. 

72.  But  the  beft  way  of  applying  the  ftrength  of  horfes  is  to 
make  them  draw  weights  in  carriages,  &c.  To  this  kind  of 
labour,  therefore,  the  enquiries  of  experimentalifts  fliould  be 
dire^ed.  A  horfe  put  into  harnefs  and  making  an  effort  to 
draw  bends  himfelf  forward,  inclines  his  legs,  and  brings  his 
bread  nearer  to  the  earth ;  and  this  fo  much  the  more  as  the 
efibrt  is  the  more  coniiderabie.  So  that  when  a  horfe  is  em- 
ployed in  drawing,  his  effort  will  depend,{in  fome  meafure,  both 
iapon  his  own  weight  and  that  which  he  carries  on  his  back. 

Indeed  it  is  highly  ufeful  to  load  the  back  of  a  drawing  horfe 
to  a  certain  extent  \  though  this,  on  a  flight  confideration, 
might  be  thought  to  augment  unneceflarily  me  "fatigue  of  the 
aaimal :  but  it  mud  be  confidered  that  the  mafs  with  which  the 
il[iorfe  is  charged  vertically  is  added  in  part  to  the  effort  which 
he  makes  in  the  dire£lion  of  tra£fcion,  and  thus  difpenfes  with- 
the  neceffity  of  his  inclining  fo  much  forward  as  he  mud  other- 
wife  do  ;  and  may,  therefore,  undeir  this  point  of  view,  relievci 
the  draught  more  than  to  compenfate  for  the  additional  fatigue 
occaiioned  by  the  vertical  preffure.  Carmen,  and  waggoners  ia 
general,  are  well  aware  of  this,  and  are  commonly  very  careful 
to  difpofe  of  the  load  in  fuch  a  manner  that  the  diafts  (hall 
throw  a  due  proportion  of  the  weight  on  the  back  of  the  fliaft; 
horfe. 

73.  The  bed  difpoCtion  of  the  traces  during  the  time  a  horfe 
16  dr^iwing  is  to  be  perpendicular  to  the  pofition  of  the  coUatF 
upon  his  ^bread  and  flioulders  :  when  the  horfe  dands  at  eafe, 
this  pofition  of  the  traces  is  rather  inclined  upwards  from  the 
dire£tion  of  the  road ;  but  when  he  leans  forward  to  draw  the 
load,  the  traces  fhould  then  become  nearly  parallel  to  the  plane 
over  which  the  carriage  is  to  be  drawn ;  or,  if  he  be  employed  in 
drawing  a  fledge,  or  any  thing  without  wheels,  the  inclination  of 
^he  traces  to  the  road,  fuppofing  it  to  be  horizontal,  flioul4 
(fiom  what  we  ohferved  when  treating  of  fri£tion)  be  about 

•  74.  From  the  preceding  obfervations  it  will  be  eafy  in  mod 
cafes  to  adapt  the  Cze  of  the  wheels  to  that  of  the  animal  whicl^ 
is  to  draw  in  the  (haftSj  fQ  that  when  he  leans  forward  to  hit 
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4iroik  the  traces  may  be  oearly  parallel  to  the  road;  whether 
that  road  be  horizontal  or  not:  always  recolle£king  that,  if 
there  be  any  variation  from  the  parallel  pofition,  it  ntuft  be 
rather  inclining  upwards  than  downwards  ;  as  die  former  will 
fomewhat  diminiih  the  fri£lion,  while  the  latter,  inftead  of 
raifing  the  wheels  from  any  hollow  into  which  they  may  fait, 
will  tend  to  draw  them  down  lower,  and  much  increafe  the 
labour  of  the  animal. 

75.  When  feveral  horfes  are  harneiTed  one  before  another, 
fo  that  they  may  all  draw  at  the  fame  load,  and  the  Hope  on 
which  they  are  drawing  changes,  as  from  DA  to  AB  (fig.  6* 
pi.  I.),  the  effort  of  the  horfe  which  draws  along  the  road  AB 
is  decompofed  into  two  parts,  of  which  one  tends  to  pull  up 
th^  loa4»  the  other  to  pull  down  the  horfe  which  is  in  the  ihafis 
9nd  is  drawing  along  the  flope  DA.  This  latter  compofant  it 
always  greater  as  the  traces  of  the  foremoft  horfe  are  the 
longer ;  and  it  may  be  worth  while  to  find  its  values,  and  its 
augmentation  with  regard  to  an  increafe  in  the  length  of  the 
traces.  To  this  end  kt  £A'  be  the  height  above  AD  of  the 
breaft  of  the  fabrfe  which  draws  in  the  fhafts  near  the  point  Af 
^nd  Jet  £R  smd  ER'  be  two  different  lengths  of  the  traces ; 
the  breaft  of  the  horfe  when  hamefied  to  either  of  thefe  traces 
)>eing  at  the  fame  diftance  from  the  plane  AB',  that  is,  fiR  = 
B'R  =EA'.  Take  EF=EF'  tP  reprelent  the  effort  of  the  horfe 
|n  the  dire£lion  of  the  trace ;  draw  E  q  parallel  to  DA,  EQ^ 

rrpendicular  to  BA  produced,  E  g  parallel  to  AB,  and  F  q^ 
q't  perpendicular  to  E  q>  The  effort  which  tends  to  pull  the 
horfe  down  whofe  breaft  is  at  £  is  reprefented  by  F  ^,  when  the 
breaft  of  the  otlier  horfe  is  at  R,  and  by  F  q  when  it  is  at  R'  $ 
and  ^  E,  ^'  £  are  the  correfponding  efforts  tending  to  raife  the 
load  along  the  flope  DA.  Make  EA'=RB=R'B  =«,  £R=?A, 
ER'=A',  angle  A'EQ=y  E^=  fupplem,  DAB=/,  and  EF= 
£F'=^.  Then,  when  the  trace  ER  is  ufed,  the  effort  which 
tends  to  pull  down  the  fhaft  horfe  when  he  juft  reaches  the 
fummit  of  the  flope  will  be  =9  .  fin.  7EF=^  fin.  (^'E^— 
IPE^),  and  the  effort  tending  to  raife  the  load  will  be  =  f9  cofin. 
(f  E^  — FE^).  In  like  manner,  when  the  foremoft  horfe 
d^ws  by  the  trace  ER',  the  effort  tending  to  pull  -down  the 
ihaft  horfe  will  be  reprefented  by  p  fin.  (^E^'  — F'Eg),  and 
tliat  which  tends  to  draw  up  the  carriage  by  ^  cofin.  (j  E^'  — 

f^g).  Now  we  have  fin.  FE^=-j,|-,  and  fin.  FE^= 
.^^=^^.  But  R^  =  BR-Eq=a-fl  cofin.  s  =  a  (i- 
cofin.  /).    Recolleding,  therefore,  that  the  angles  FE^^  F'E^, 
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are'always  fo  fintll  that  the  arcs  differ  rery  little  from  Aa  tam^ 

wc  have  FEf=-^— -,  and  FE^  =-^— -7 -i    tbefn 

f alucS  being  fubftituted  in  the  preceding  expreHions,  give 
(i)  •..F5^=s^fin4  ^/  — -i^ . — L). 

(2)  .  . .  F  J  =^  fin.  [s-- ^ .^J. 

»    >.  «•  <•        /        a  (1— cosln.  *)\ 

{3)  . . .  E  j^pcofin.  ff — ^^ — T"^")* 

#    %  T-    /  r        ^        a(i— oosin.i.)\ 

(4)  . ..  E/5=(p  conn,  ^j*-' -^^ -y 

Soppofe,  for  example^  tihat  AB  16  horizontal^  and  that  th^ 
afceni  DA  is  fuch  that  for  every  fix  feet,  as  CN  in  a  horizontal 
plane,  the  vertical  rife  N A  Ihall  be  one  fodt :  this  ilope  is  too 
iteep  for  any  common  road,  but  may  be  (bnnetim^s  m«t  with  hi 
afcents  from  ftone  quarries,  Sec.  In  this  cafe  the  angle  /  wilt 
be  nearly  9°  28',  which,  expreifed  in  decimal  parts  01  the  ra^> 
dtus,  gives /:sp'i65a2,  and  co(in./= 0*9863 8,  Let  the  effort 
f  :=r2colb.,  ^=34  fccti  A  =  8  feet,  and  A' =3 12  feet.  Theft 
IbaU  we  have, 

(,J  ...F?=20o  fin.  (0-16522 -?l^P?5^) 

=200  fin.  9"  7'  29''=3i*7i6  lbs. 

(2) . . .  r  j'=2oo  fm.  (0.16522  -  ?:ii£r^"J!)) 

=200  fin.  9**  14'  29^=32*25  lbs. 

{3)  .  • .  E  5^=200  cofin.  9°  7'  29"=  177*47  lbs. 

(4)  . . .  E  f =200  cofin.  9**  14'  29"  =s  197-404  lbs. 

Hence  it  appears,  that  the  horfe  whofe  breaft  is  at  E  \t 
pulled  downwards  by  the  other  horfe,  with  a  force  equivalent 
to  about  32  lbs:  this  weight  is  fmall  for  a  horfe  that  is  not 
fatigued ;  but  we  ihould  confider,  that  when  drawing  up  a  ileep 
road  the  animal's  ftrength  is  much  weaicened,  fo  that  it  may 
be  obliged  to  yield  to  a  very  fmall  effort.  A  lengthening  ol 
four  feet  to  a  trace  of  eight  feet  will  produce  an  augmentation 
of  32'25  — 3  '716=0*534  lbs.  in  the  effort  which  tends  to  puH 
the  (haft  horfe  down,  and  a  diminution  of  197 '47  — 197 •404= 
0*066  lbs.  in  the  effort  which  raiies  the  load  up  the  hill«  Thefe 
quantities  are  not  confiderable;  but  it  appeared  defirable  to 
explain  the  method  of  afcertaintng  their  magnitude.  And  it 
may  be  added,  that  when  a  horfe  pulls  for  only  a  ihort  time,  as 
a  fe^*'  minutes,  he  will  often  exert  a  force  equivalent  to  joo  or 
600  lbs. :  in  which  cafe,  the  tendency' to  pull  down  a  fhaft 
horfe  rifing  a  hill  would  be  thrice  as  much  as  wc  have  ftatcd 


k  above  t  «  force  againft  which  no  horfe  could  ftand  "&  fueh  ^ 

difadvaatageous  pofition. 

76.  When  a  horie  is  made  to  move  in  a  circular  path»  ai  is 
often  pra£lifed  in  miUs  and  other  machines  moved  by  horfeS)  it 
will  be  neceiiary  to ,  give  the  circle  which  the  animal  has  t^  . 
walk  round,  the  greateft  diameter  -that  will  comport-  witk 
the  local  and  other  conditions  to  which  the  motion  mufl:  be 
fubje£ted.  It  is  obvious,  indeed,  that,  fince  a  re^Iinear  m0^ 
tion  is  the  moft  eafy  for  the  horfe,  the  lefs  the  line  In  which  he 
moves  is  curved)  with  the  greater  facility  he  will  walk  over  it» 
and  the  lefs  he  need  recline  from  a  vertical  pofition :  and  be*- 
lides  this,  with  equal  velocity  the  centrifugal  force  will  be  left 
in  the  greateft  circle,  which  will  proportionally  diminifli  the 
fri£^ion  of  the  cylindrical  part  of  the  trunnions,  and  the  labotit 
pf  moving  the .  machine.  And,  further,  the  greater  the  dia^ 
meter  of  the  horlJ&-waIk,.the  nearer  the  chord  of  the  circle  m 
which  the  horfe  draws  is.  to  coincidence  with  the  tangeni^ 
which  is  the  moil  advantageous  pofition  of  the  line  of  trauioo. 
On  thefe  accounts  it  is  that,  although  a  horfe  may  draw  in  a 
circular  walk  of  18  feet  diametery  yet  in  general  it  is  adviieable 
that  the  diameter  of  fuch  a  walk  (hould  not  be  lefs  than  25  or 
go  feet ;  and  in  many  inftances  40  feet  would  be  preferable  to 
either. 

77.  It  has  been  dated  by  Defaguliers  (vol.1,  pa.  251)  and 
fome  others,  that  a  horfe  employed  daily  in  drawing  nearly 
horizontally  can  move,  during  eight  hours  in  the  day,  about 
200  lbs.  at  the  rate  of  2^  miles  per  hour,  or  3^  feet  per  fecond. 
If  the  weight  be  augmented  to  about  240  or  250  lbs.,  the  horfe 
cannot  Work  more  than  fix  hours  a  day,  and  that  with  a  lefs 
velocity.  And,  in  both  cafes,  if  he  carry  fome  weight,  he 
will  draw  better  than  if  he  carried  none  (art.  72.}  M.  Sau- 
veur  eftimates  the  mean  effort  of  a  horfe  at  175  French,  or 
189  averd.  pounds,  with  a  velocity  of  rather  more  than  three 
feet'  per  fecond  :  and  this  agrees  very  nearly  with  our  deduc- 
tion in  art.  378.  vol.1.  But  all  thefe  are  probably  too  hi^ 
to  be  continued  for  eight  hours,  day  after  day ;  for  in  our  in* 
veftigation  juft  referred  to  we  affumed  10  feet  per  fecond,  as 
the  utmoft  walking  velocity  of  a  horfe ;  a  velocity  which  we 
conceive  no  horfe  would  be  able  to  continue  long.  In  another 
place  Defaguliers  ftates  the  mean  work  of  a  horfe  ^d  equivalent 
to  the  raifing  a  hogfliead  full  of  water  (or  550  lbs.)  50  feet  high 
in  a  minute.  But  Mr.  Smeaton,  to  whofe  authority  much  is 
due,  afferts,  from  a  number  of  experiments,  that  the  greateft 
effeft  is  the  raifing  550  lbs.  forty  feet  high  in  a  minute.  Andf 
from  ibme  experiments  made  by  the  Society  for  the  Encourage* 
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merit  of^Arts,  under  the  direftion  of  their  late  able  fecretary, 
Mn  Samuel  Moore,  it  was  concIuded|  that  a  horfe  moving  at 
the  rate  of  three  miles  an  hour  can  exert  a  force  of  80  lbs. 
Uninckily,  we  are  not  fuflSciently  acquainted  with  the  nature 
of  the  experiments  and  obfervations  from  which  thefe  deduct 
tions  were  made  to  inilitute  an  accurate  comparifon  of  their 
refults.  Neither  of  them  ought  to  exprefs  what  a  horfe  can 
draw  upon  a  carriage ;  becaufe  in  that  cafe  fri&ion  only  is  to 
be  overcome  (after  the  load  is  once  put  into  motion) ;  fo  that  a 
jniddling  horfe,  well  applied  to  a  cart,  will  often  draw  much 
more  than  i»oo  lbs.  The  proper  eilimate  would  be  that  which 
sneafures  the  weight  which  a  horfe  would  draw  up  out  of  a 
-well ;  the  animal  ading  by  a  horizontal  line  of  tradion  turned 
into  the  vertical  dire£tion  by  a  fimple  pulley,  or  roller,  whofe 
fri&ion  fhould  be  reduced  as  much  as  poffible.  It  would,  in* 
deed,  be  far  the  bed,  in  all  the  inftances  of  experiments,  to 
vfe  no  fuch  combinations  of  machinery  as  would  make  the  ve- 
locity of  the  load  or  weight  different  from  that  of  the  animal : 
me  could  then  readily  compare  the  difierent  refults  by  means 

of  the  expreffion  Moc  (W-~V)%  or  Moc  (W--V)^(art.  378. 
Tol.  !.)>  where  V  reprefents  the  velocity  in  feet  per  fecond 
with  which  the  animal  moves  the  mafs  M,  and  W  his  greatei^ 
walking  velocity,  or  that  in  which  he  can  move  no  weight  but 
his  own.  Thus  might  we  obtain  a  mean  eftimate  of  the  ani- 
mal's ftrength  at  any  one  velocity,  and  could  thence  infer  hi§ 
maximum  of  ufeful  effort;  namely,  that  when  V  is  nearly 
4  W.  As  to  the  abfolute  power  of  the  animal,  it  might  be  in« 
ferred  in  any  cafe  of  raifing  a  weight  with  his  own  velocity, 
by  means  of  the  formula  ^  =(M+H)  Y+Mgi,  where  M  and 
V  are  as  before,  H  the  weight  of  the  horfe,  p  its  power,  g== 
32-5^  feet  the  meafure  of  the  force  of  gravity,  and  /  the  time 
in  feconds  during  which  the  animal  continues  his  uniform 
exertion. 

78.  It  follows,  from  what  has  been  faid,  and  from  the  con - 
fideration  of  the  (Irengths  of  horfes  variouflv  employed,  fuch 
as  waggon  horfes,  dray  horfes,  plough  horfes,  heavy  horfes, 
light  coach  horfes,  &c.  that  what  is  called  "  horfi  power**  is  of 
fo  fluctuating  and  indefinite  a  nature,  that  it  is  perfedlly  ridi- 
culous to'  affume  it  as  a  common  meafure,  by  which  the  force 
of  fleam-engines  ^d  other  machines  fhould  be  appreciated. 
In  moft  of  the  deduftlons  which  have  been  hitherto  made  we 
apprehend  there  may  be  fomething  of  temporary  effort :  and 
we  think,  on  the  whole,  that  about  70  lbs.,  at  three  miles  an 
hour,  or  4y  feet  per  fecond,  may  be  a  fair  eftimate  for  the 
regular  work  of  flout  London  cart  horfes ;  though  we  wouU 
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infer,  with  Mr.  Nicholfon,  '*  that  the  animal  can  double  hi9 
*^  ftrength  for  a  ihort  time,  fuch  as  lo. minutes,  without  r^ 
^*  ceiving  any  injury  from  the  exertion." 

Thus  have  we  prefented  a  view  of  the  mod  ufeful  and  cor- 
Te£^  information  we  have  been  able  to  colIe£l,  on  the  different 
energies  of  firfl  movers :  what  is  here  done  is  not  fo  fatisfa6ioij 
.as  might  be  wifhed;  but  our  knowledge  on  many  of  thele 
pointt  muft  remain  imperfe£%,  till  frefh  light  is  difFufed  over  it 
by  the  diligent  and  able  enquiries  of  future  obfervers. 


DESCRIPTIONS 


or 


MACHINES: 


ALPHABETICALLY  ARRAj^GED. 


•AiR-?UM?  1$  a  machine  by  means  of  which  the  air  may  be 
exhaufted  out  of  proper  veflels,  fo  as  tQ  make  what  i^  pppularif 
called  a  vacuum^  but  which  is,  in  fa&,  onljr  a  very  high  d^ 
gree  of  rarefadion. 

The  invention  of  this  noble  inlirument,  to  which  the  prefeot 
.age  is  indebted  for  fo  many  admirable  difcoveries,  is  afcribed  to 
Otto  de  Guerickf^  a  conful  of  Magdeburg,  who  exhibited  bis 
firft  public  experiments  with  his  pump  before  the  empejror  and 
.the  ftates  of  Germany  at  the  breaking  up  of  the  imperial  di^t 
at  Ratiibon,  in  the  year  1654.  Guericke,  indifferent  about 
4he  folitary  poHeflion  of  an  inventioa  which  afforded  fuch  en- 
tertainment to  the  numerous  perfbns  who,  from  time  to  tim^ 
witnefied  his  experiment,  gave  a  minute  defcription  of  all  hia 
.pneumatic  apparatus  to  G^fper  Schottus,  profeiTor  of  mathe^ 
matics  at  Wirtemberg,  who  publifiied  it,  with  the  confent  of 
the  inventor,  with  an  account  of  feme  of  its  performances^ 
firft  in  1657,  in  his  Mecbanica  HydrauUco^pneumatica ;  and 
■tbeo,  in  1664,  in  his  Technica  Curiofa^  Guericke's  own  ac- 
count was  not  publiflied  till  1672.    . 

•  About  the  time  of  Guericke's  invention  the  foundations 
of  the  Royal  Society  of  London  were  laid,  Boyle,  Wren, 
Brounker,  WalUs,  and  other  learned  men,  held  frequent 
meetings  at  Oxford,  in  which  accounts  were  received  and  re- 
Mted  of  all  important  advances  in  the  ftudy  of  nature;  and 
many  experiments  were  exhibited.  The  refearches  of  Galileo, 
Torricelli,  and  P«tfcal>  concerning  the  prefTurc  of  the  air,  ba4 
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greadjr  engaged  their  attention,  and  thus  prepared  them  for  thtf 
invention  of  Guericke.  Mr.  Boyle,  in  particular,  as  foon  as 
he  heard  what  hati  been  accompiifhed  by  the  philofopher  of 
Magdeburg,  and  before  ^ny  defcription  of  his  machine  had 
been  publifhed,  fat  about  the  conftru&ion  of  one,  to  anfwer 
the  fame  purpofcs ;  and  fucceeded  in  the  attempt :  though  he 
frankly  acknowledges  that  it  was  but  feldom,  and  with  great 
difficulty,  that  he  could  produce  an  extreme  degree  of  rare^* 
fadiioni  fuch  as  it  appeared,  from  the  account  of  SchottuSj 
was  obtained  by  means  of  Guericke's  machine. 

Boyle's  inftrument  was  fomewhat  improved  by  HawUbee^ 
and  further  by  Martin  ;  with  fome  flight  modifications  to  par- 
ticular views,  it  ftill  remains  the  mod  approved  form.  The 
air>pump  we  defcribed  in  art.  521.  vol.  I.  is  only  fo  far  va* 
ried  from  Hawkibee's  improvement  of  Boyle's  original  con-« 
trivance,  as  to  render  it  more  portable.  The  machine,  in  its 
primitive  (late,  is  defcribed  in  the  article  PneumaticSj  Engli/k 
Encyclopadta  \  where,  alfo,  the  fucceffivc  improvements  of 
Smeaton,  Cuthbertfon,  &c.  are  defcribed  at  large. 

Many  other  ingenious  attempts  have  been  made,  during  the 
laft  ten  or  twelve  years,  to  improve  the  mechanifm  of  the  air- 
pump  ;  to  defcribe  a  fourth  part  of  which  would  extend  this 
article  to  more  than  its  due  length.  Jiiftice,  however,  to  the 
authors  of  thefe  improvements,  as  well  as  a  defirc  to  gratify 
the  reader,  induces  us  to  refer  to  Nicholfon's  Journal,  vols.  L 
and  II.  4to.  for  defcriptions  of  the  air-pumps  invented  by  meff. 
Prince,  Sadler,  Little,  sir  G.  Mackenzie,  &c.  and  to  Mr. 
Vince's  Hydroftatics  for  an  account  of  the  pump  ufed  by  that 
gentleman  in  his  lefbures. 

Notwithftanding  the  many  improvements  which  have  fuc- 
ceffively  followed  each  other  in  the  conftruftion  of  the  air- 
pump,  it  was  ftiU,  however,  defirable  that  it  {hould  be  further 
fimplified  in  its  mechanifm,  while  it  poflefTed  the  fame  advan- 
tages as  attended  thofc  of  more  complicated  ftrufture.  .  Cuth- 
bertfon,  Haas,  and  fome  others,  have  fo  contrived  their  inftru-* 
ments,  that  their  mechanical  power,  and  not  the  preOurd  of 
air,  (hould  open  the  valves :  but,  although  the  air-pumps  in* 
vented  by  thefe  gentlemen  arc  exceedingly  ingenious,  they  are 
in  fome  refpeds  fo  complex,  that  it  muft  be  very  difficult  for 
many  perfons  who  poficfs  thefe  indruments  to  clean  them,  or 
to  keep  them  in  proper  order  for  experiments. 

Mr.  N.  Mendle(rohn,  a  mathematical  inftrument-mak^,  of* 
Surrey-ftreet,  Black-friars,  having  re(le£):ed  upon  the  dt(ncttki 
ties  juft  alluded  to,  was  led  to  the  conftrudlion  of  a  more 
fimple  air-pump^  which  is  capable  of  being  put  together  in  left 
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tlan  half  an  hour,  whenever  it  is  cleared,  and  requires  that 
operation  very  feldom.  He  has  rejefted  the  tube  which^  in 
common  air-pumps,  leads  from  the  valves  to  the  reef  iver,  toge** 
ther  with  the  cock  that  ferves  to  fhut  this  pipe  :  the  receiver  is 
placed  immediately  upon  the  valves,  thefe  being  put  on  the  top 
of  the  cylinders,  which,  confequently,  required  the  rackwork 
and  pimon  being  underneath,  and  inverted  the  whole  inftru* 
ment.  See  the  drawing,  pi.  IV.  where  AB  and  CD  reprefeot 
the  two  cylinders  of  glafs  ground  and  poiiflied  in  fide.  £  and  F 
are  the  two  valves  that  allow  the  cylinders  to  communicate  witk 
the  receiver  O  through  two  very  fhort  canals  AB  and  CD  (fig.  2i 
plate  IV.)  and  the  cock  G.  Two  other  valves  that  open  into 
\he  atmofphere  are  within  the  covers  i  and  k^  as  may  l^e  feen  ixi 
Jig.  I,  where  e  rcprefents  one  of  them.  MN  is  the  rcceiver- 
platc  of  glafs  ground  flat ;  PQ  a  barometer-guage,  upon  the 
plan  of  the  iirft  Torricellian  tuEe,  as  the  eafieft  to  conftrufk 
and  the  mod  infallible  in  its  effefis.  It  will  be  found  to  be  . 
here  quite  put  of  the  way,  fecure  from  being  broke  by  accident^ 
and  the  moil  in  fight.  HK  and  XL  are  two  brafs  pillars  that 
fupport  the  whole.  RSVW  the  ufual  rackwork,  having  a 
double  winch  Im^  which,  upon  trial,  will  be  found  preferable 
to  a  fingle  one. 

It  will  now  be  neceffary  to  (hew  how  this  pump  a£b,  in 
which  it  will  be  fufEcient  to  explain  the  a£lion  of  one  cylindei% 
becaufe  the  other  is  in  all  parts  like  it.  £  is  a  conical  metallic 
valve,  from  which  a  canal  goes  through  the  cock  G  up  to  the 
receiver,  as  is  feen  in  fig.  i  and  2,  where  all  the  parts  are 
marked  with  the  fame  letters.  £T  is  a  fteel  rod  going  through 
a  leather  box  in  the  pidon  U.  The  top  of  this  rod  is  fixed  to 
the  valve  £,  and  its  bottom  part  Aides  in  a  fmall  hole  with  an 
allowance  of  Ci  hich  up  and  downward,  confequently  the  valve. 
£  can  move  no  further.  When  the  piflon  defcends,  it  firlt 
opens  the  valve  by  pu  filing  the  rod  to  the  bottom  of  the  hole* 
Then  it  Aides  down  along  the  rod  ET,  and  the  air  from  the 
receiver  has  now  free  accefs  to  the  cylinder.  When  the  pifton 
returns  it  lift^  the  rod  ET,  and  thus  fhuts  up  the  valve,  i^hea 
the  pifton  Aides  again  along  the  rod  up  to  the  top  of  the  cylin** 
der,  condenfing  the  air  above  it,  which  air,  by  the  Icaft  con^ 
denfation,  opens  a  vp.lve  ^,  fig.  2,  and  efcapes  freely  into  the 
atmofphere.  This  laft  valve  has  neither  fpring  nor  additional 
weight  to  fliut  it,  but  fhuts  by  its  own  weight  ^ about  a  quarter 
of  an  ounce)  as  foon  as  the  pii^on  is  arrived  to  the  top  of  the. 
cylinder* 

The  cylinders  are  made  of  glafs,  and  thepijlons  of  tin y  f>  wtA 
Jlttid  as  to  be  atr-Ught^  without  tif  interpofrtm  of  any  Uath$ru 

VOL.  a*  G 


M  MACHINES. 

I 

The  friftion  of  thefe  two  bodies  is  fmall  beyond  expefJatioiif 
a  fufficient  proof  that  they  will  be  durable.  They  poflefs  the 
further  advantage  of  being  capable  of  (landing  for  even  fix 
months,  after  which  time  they  will  ferve  without  being  cleaned 
or  repaired,  becaufe  they  are  not  liable  to  be  corroded  by  the 
oil  which  they  contain,  an  inconvenience  too  general  in  brafs 
cylinders.  After  all,  if  the  prefent  pump  (hould  want  cleaning} 
it  is  an  eafy  operation  to  take  off  the  top  piece  ^  <&,  by  unfcrew- 
ing  the  nuts  fl  and  I,  when  this  piece,  with  all  the  apparatus 
upon  it,  wijl  come  off.  Then  each  cylinder  may  very  eafily  be 
Aid  off  from  the  pifton,  wiped  out  and  replaced,  after  having 
greafed  it  infide  with  a  little  of  the  cleaned  fweet  oil :  the  top 
is  then  to  be  put  again  in  its  place,  and  the  two  nuts  H  and  I 
•being  fcrewed  upon  it,  the  inftrument  is  ready.  Neither  racks 
nor  pinion  need  to  be  taken  out  of  their  places,  the  cylinder* 
ftanding  above  them. 

The  cock  is  conftrufted  fo,  that,  being  in  the  fituation  re- 
prefented  in  fig.  i,  the  communication  is  open  between  the 
'  cylinders,  the  receiver,  and  the  faarometer-guage,  and,  by  a 
quarter  of  a  revolution,  the  cylinders  are  excluded,  the  receiver 
and  guage  being  ftill  left  in  communication,  A  little  ftopper 
in  fig.  2,  ground  Into  the  cock,  being  open,  air  is  admitted  to 
the  receiver,  if  required. 

The  receiver-plate  is  of  glafs  ground  flat,  as  was  mentioned 
before  :  this  will  be  found  preferable  to  brafs,  becaufe  cleaner^ 
and  never  corroded  by  acids  or  water;  it  will  befides  often 
prove  very  convenient  in  making  ele£trical  experiments  in  the 
vacuum. 

The  whole  inftrument  is  fixed  upon  a  mahogany-table, 
which  ferves  as  a  ftand  for  it. 

Mr.  Mendelsfhon  concludes  his  defcription  by  obferving  that 
*'  neither  the  employing  of  glafs  cylinders,  nor  the  method  of 
opening  the  valves,  is  new ;  but,  for  aught  he  knows,  this  is  the 
firft  inftrument  of  the  kind  ever  executed:  and  the  idea  of 
putting  the  valves  at  top,  and  thup  Amplifying  the  inftrument, 
feems  to  have  efcaped  the  attention  of  the  eminent  artifts,  both 
here  and  abroad,  as,  to  my  beft  knowledge,  it  has  never  been 
done  or  defcribed  any  where.  The  metallic  piftons,  without 
leathering,  muft  certainly  add  to  the  durability,  and  diminifli 
the  great  labour  that  ufually  attends  working  an  air-pump." 
"Nicholfons  Journaly  New  Series ^  No,  39. 

Mr-  Vream,  who  was  Dr.  Defaguliers's  operator  for  philofo- 
f  hical  machines,  made  fuch  an  alteration  in  Hawkfbee's  air- 
pump,  as  produced  the  alternate  reciprocating  motion  of  the 
piftons,  without  turning  the  handle  to  and  fro  :while  the  handje 
turns  conftantly  one  way  in  its  operation,  a  crank  by  means  pf 


two  leading  pieces,  pvcs  the  wheel  that  moves  the  racks  a 
motion  of  about  two-thirds  (or  more  when  required)  of  its 
circumference,  every  time  the  crank  goes  round.  The  advan- 
tages which  Mr.  Vream  thought  would  refult  from  this  ahersi* 
tion,  he  defcribes  in  the  following  words :  ^*  I  hope  I  have 
improved  Mr.  Hawkfbee^s  pump  by  a  contrivance  whereby 
in  turning  the  winch  quite  round  the  emMi^  or  piftons,  are 
alternately  raifed  and  deprefled;  whereas  in  Mr.  Hawkfbee's 
way,  the  moving  of  the  hand  backward  and  forward  is  not 
only  more  troublefome,  but  ihakes  the  pump;  becaufe  it  is 
required  to  prefs  the  barrel  hard  againft  the  bottom  piece  under 
the  barrels,  to  difcharge  the  water  from  the  valves  at  every  ftroke. 
Befidesif  the  pump  fhould  at  any  time  happen  to  leak,  when  an 
experiment  ihould  be  made  in  halle;  you  may  exhauft  fo  fait 
this  way  as  to  make  your  experiment  without  being  at  the  trou- 
ble to  pull  the  pump  to  pieces,' in  order  to  make  it  tight,  except 
in  fuch  cafes  as  require  the  recipient  to  be  perfeftly  exhaufted.** 

Fig.  II.  pi.  III.  will  fhew  in  what  this  improvement  of  Mr. 
Vream's  confifts.  The  axis  DB on  which  the  crank  Aa  h  and 
handle  BF  turn,  is  perpendicular  to  the  plane  of  the  wheel  WE 
which  moves  the  racks  S,T:  two  leaders  N,N,  of  equal  lengthy 
are  hung  by  one  end  upon  the  crank  A  a,  and  by  the  other 
upon  the  two  ends  of  a  pin  I  which  pailes  through  tlie  wheel  at 
a  fuitable  diftance  from  the  centre.  While  the  crank  is  rifing 
the  pin  I  is  raifed  from  its  pofition  in  the  figure  to  fome  higher 
point,  as  R,  thus  caufing  the  wheel  to  turn  upon  its  centre  E^ 
and  raife  the  rack  S,  while  it  depreiles  the  rack  T:  afterwards, 
while  the  crank  is  defcending  through^he  other  talf  of  its  revo- 
lution, the  pin  is  pufhed  back  again  from  R  to  I,  the  wheel  E 
turns  the  contrary  way,  the  rack  T  is  raifed,  and  S  deprefled. 
So  the  racks  are  alternately  raifed  and  deprefled  as  the  circular 
motion  of  the  handle  F  carries  round  the  crank  A  a.  The  radius 
a  i  oi  the  crank  mud  be  rather  leis  than  the  diftance  £1  of  the 
pin  I  from  the  centre  of  the  wheel,  in  order  to  enfure  the  alter* 
nate  motion  of  the  piftous:  and  the  more  extenfive  the  motion 
of  thefe  is  required  to  be  with  refpe&  to  the  motion  of  the 
crank,  the  more  muft  the  radius  of  the  wheel  £W  exceed  the 
diftance  £1. 

This  contrivance,  however  ingenious,  has  been  feldom  applied 
to  air-pumps;  probably  becaufe  there  is  a  coniiderable  variation 
of  requifite  moving  force  in  the  different  parts  of  the  revolution 
of  the  crank;  a  variation  which  may  produce  jolts  in  the  motion. 
Bu^  this  inequality  of  force  upon  the  crank,  being  occafioned  by 
the  variable  obliquity  in  the  pofition  of  the  leaders  N,N,  may 
be  much  reduced  by  making  the  diftances  a  h^  £1^  i^  fmall  at 
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can  be  coarenientIy»  -rntk  retpeSb  to  the  length  al  of  th« 

ANEMOMETER.     Sec  art.  49*  of  the  introduaory  part 
of  this  volume. 

ATWOOD's  MACHINE,  the  name  whith  is  now  commonly 
applied  to  the  ingenious  apparatus  invented  by  Mr.  Atwood  of 
Trinity  college,  Cambridge,  to  illuftfate  the  do£lrines  of  ac- 
celerated motion.  This  machine  lias  been  found  to  anfwer  the 
purpofe  far  more  completely  than  any  other ;  fubje£ling  to  ex- 
perimental examination,  tne  quantity  of  matter  moved,  the 
meafure  of  the  force  which  moves  it,  the  fpace  defcribed  fron^ 
quiefcence,  the  time  of  defcription,  and  the  velocity  acquired. 
The  theory  of  this  inftrument  depends  upon  the  principles  ex- 
hibited in  art.  267.  vol.  i*  But  we  {hall  here  give  fo  much  of 
the  theory  and  defcription  as  feems  neceifary  to  ihew  its  nature 
and  ufe,  jchiefly  in  the  words  of  the  ingenious  inventor. 

I.  Of  the  mafs  moved. — In  order  to  obferve  the  efFefis  of  the 
moving  force,  which  is  the  objeft  of  any  experiment,  the  inter- 
ference of  all  other  forces  fliould  be  prevented :  the  quantity  of 
matter  moved,  therefore,  confidering  it  before  anv  impelling 
force  has  been  applied,  fhould  be  without  weight;  for  although 
it  be  impoflfible  to  ab(tra£t  the  natural  gravity  or  weight  fron» 
any  fubftance  whatever,  yet  the  weight  may  be  fo  countera£led 
as  to  be  of  no  fenfible  effe£l:  in  experiments.  Thus  in  the  in* 
ftrument  conftrufied  to  illuftrate  this  fubjed:  experimentally, 
A,  B,  fig.  I.  pi.  V.  reprefent  two  equal  weights  afiixed  to  the  , 
extremities  of  a  very  fine  and  flexible  filk  line:  this  line  is 
ftnitched  over  a  wheel  or  fixed  pulley  abcd^  moveable  round  an 
horizontal  axis:  the  two  weights  Aj  B,  being  precifely  equal 
and  a£):ing  againft  each  other,  remain  in  equilibrio;  and  when 
the  lead  weight  is  fuperadded  to  either  (fetting  afide  the  effe£is 
of  friftion),  it  will  preponderate.  When  AB  are  fet  in  motion 
by  the  a<3:ion  of  any  weight  m^  the  fum  A+B  +«  would  confti- 
tute  the  whole  mafs  moved,  but  for  the  inertia  of  the  materials 
which  mud  neceflariJv  bo  ufed  in  the  communication  of  mo- 
tion:  thefe  materials  confift  of,  i.  The  wheel  ahcd^  over  which 
the  line-  fuftaining  A  and  B  pafles.  2.  The  four  fridion- 
wheels,  on  which  the  axle  of  the  wheel  abed  refts :  the  ufe  of 
thefe  wheels  is  to  prevent  the  lofs  of  motion,  which  would  be 
occafioned  by  the  friftion  of  the  axle  if  it  revolved  on  an  im- 
moveable furface.  3.  The  line  by  which  the  bodies  A  and  B 
are  connefted,  fo  as  when  fet  in  motion  to  move  with  equal 
velocities.  The  weight  and  hiertia  of  the  line  are  too  fmall  to 
have  fenfible  efFe£l:  on  the  experiments;  but  the  inertia  of  the 
Other  materials.  ju(t  mentigned  conilitute  a  confiderable  proper- 
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tion'of  the  mafs  moved,  and  mud  be  taken  into  account.  Since 
when  A  and  B  are  put  in  motion,  they  muft  neceflarily  move 
with  a  velocity  equal  to  that  of  the  circumference  of  the  wheel 
Ahcd^  to  which  the  line  is  applied ;  it  followSi  that  if  the  whole 
mafs  of  the  wheels  were  accumulated  in  this  circumferencey 
its  inertia  would  be  truly  eftimated  by  the  quantity  of  matter 
moved  ;  but  fince  the  parts  of  the  wheels  move  with  different 
velocities,  their  effeQs  in  refilling  the  communication  of  mo- 
tion to  A  and  B  by  their  inertia  will  be  different ;  thofe  parts 
which  are  furtheft  from  the  axis  refifling  more  than  thoft;  which 
revolve  nearer  in  a  duplicate  proportion  of  thofe  diftances.  If 
the  figures  of  the  wheels  were  regulap^  from  knowing  their 
weights  and  figures,  the  diftances  of  their  centres  of  gyration 
from  their  axes  of  motion  would  become  known,  and  confe- 
quently  an  equivalent  weight,  which  being  accumulated  uni* 
formly  in  the  circumference  abcdy  would  exert  an  inertia  equal 
to  that  of  the  wheels  in  their  conftruAed  form.  But  as  the 
figures  are  wholly  irregular,  recourfe  muft  be  had  to  experi- 
ment, to  affign  that  equivalent  quantity  of  matter,  which  being 
accumulated  uniformly  in  the  chrcumference  of  the  wheel  ahcd^ 
would  refift  the  communication  of  motion  to  A  in  the  fame 
manner  as  the  wheels. 

In  order  to  afcertain  the  inertia  of  the  wheel  abcd^  with  that 
of  the  friflion-wheels,  the  weights  AB  being  removed,  the  fol- 
lowing experiment  was  made.  A  weight  of  thirty  grains  was 
affixed  to  a  filk  line  (the  weight  of  which  was  not  fo  much  as 
^th  of  a  grain,  and  confequently  too  inconfiderable  to  have  fen^ 
fible  effe£t  in  the  experiment) ;  this  line  being  wound  about 
the  wheel  ahcd^  the  weight  30  grains  by  defcending  from  reft 
communicated  motion  to  the  wheel,  and  by  many  trials  was 
obferved  to  defcribe  a  fpace  of  about  384^  inches  in  3  feconds. 
From  thefe  data  the  equivalent  mafs  or  inertia  of  the  wheels 
will  be  known  from  this  rule: 

Let  a  w«M?ht  P  (fig.  a.)  be  applied  to  communicate  mo- 
tion to  a  fyftem  of  bodies  by  means  of  a  very  flender  and 
flexible  line  going  round  the  wheel  SLDIM,  through  the 
centre  of  which  the  axis  pafles  (G  being  the  common  centre  of 
gravity,  R  the  centre  of  gravity  of  the  matter  contained  in 
this  line,  and  O  the  centre  of  ofcillation).  Let  this  weight 
defcend  from  reft  through  any  convenient  fpace  s  inches,  and 
let  the  obferved  time  of  its  defcent  be  t  feconds  5.  then  if  /  be 
the  fpace  tlirough  which  bodies  defcend  freely  by  gravity  iA 

one  fecond,  the    equivalent   weight   fought    =: <.^,    _  = 

*  — p.    See  ait.  314.  vol.  i. 
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Hcrt  wc  have  /  =30  grains,  /  =  3  feconds,  /  =  193  inches,    ; 

o     •    I.  *         ,Px«    T>_  30x9x193  ^         •  . 

s  =  38.5  inches i  and— P  = ^8j-^-3^=^'3*3  P**"* 

or  2^  ounces. 

This  is  the  inertia  equivalent  to  that  of  the  wheel  ahcdf  and 
the  friftion  wheds  together :  for  the  rule  extends  to  the  cfti- 
matton  of  the  inertia  of  the  mafs  contained  in  all  the  wheels. 

The  refiftance  to  motion  therefore  arifing  from  the  wheels' 
inertia,  will  be  the  fame  as  if  they  were  abfolutely  removed,  and 
a  mafs  of  2|^  ounces  were  uniformly  accumulated  in  the  cir^ 
cumference  of  the  wheel  abed.  This  being  premifed,  let  the 
boxes  A  and  B,  fig.  i.  be  replaced,  beine  fufpended  by  the  filk 
line  over  the  wheel  or  pulley  abcd^  apd  oalancing  each  other : 
fuppofe  that  any  weight  m  be  added  to  A  To  that  it  fhall  defcend, 
the  exa£k  quantity  of  matter  moved,  during  the  defcent  of  the 
weight  A,  will  be  afcertained,  for  the  whole  mafs  will  be  A  + 
B  +  iw  +  2^  oz. 

In  order  to  avoid  troublefome  computations  in  adjufting  the 
quantities  of  matter  moved  and  the  moving  forces,  U)me  deter- 
minate weight  of  convenient  magnitude  may  be  aflumed  as 
a  ftandard,  to  which  all  the  others  are  referred.  This  ftandard 
weight  in  the  fubfequent  experiments  is  -^  of  an  ounce,  and  is 
Tcprefented  by  the  letter  m,  Tiie  inertia  of  the  wheels  being 
therefore  =  2^  ounces,  will  be  denoted  hj  11  m»  A  and  B 
are  two  boxes  con{lru£led  fo  as  to  contain  different  quantities 
of  matter,  according  as  the  experiment  may  require  them  to  be 
varied:  the  weight  of  each  box,  including  the  hook  to  which  it 
is  fufpended,  =  li  02.  or  according  to  the  preceding  eftimation, 
the  weight  of  each  box  will  be  denoted  by  6  ;w ;  thefe  boxes 
contain  fuch  weights  as  are  reprefented  by  ng.  3.  each  of  which 
weighs  an  ounce,  fo  as  to  be  equivalent  to  4  f/i ;  other  weights  of 
i  02.  =  2w,  ^  =wi)  and  aliquot  parts  of  w,  fuch  as  r,  ^w,  may  be 
aHb  nicluded  in  the  boxes,  according  to  the  conditions  of  the 
different  experiments  hereafter  defcribed. 

If  41^02.  or  19  w,  be  included  in  either  box,  this,  with  the  . 
weight  of  the  box  itfelf,  will  be  25  m;  fo  that  when  the  weights 
A  and  B,  each  being  25  m,  are  balanced  in  the  manner  above 
yeprefented,  their  whole  mafs  will  be  50  /w,  which  being  added 
to  the  inertia  of  the  wheels  1 1 1»,  the  fum  will  be  61  m.  More- 
over, three  circular  weights,  fuch  as  that  which  is'  reprefented 
jit  fig.  4.  are  coiiftrufted;  each  of  which  =  ^  02.  or  m  :  if  one 
bf  thefe  be  added  to  A  and  one  to  B,  the  whole  mafs  will  now 
become  63  ;»,  perfeftly  in  equilibrio,  and  moveable  by  the  leaft  . 
weight  added  to  either  (fettifig  afide  the  eftefts  of  friftion),  in 
the  fame  manner  precifely  as  if  the  fame  weight  or  force  were 
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applied  to  communicate  motion  to  the  mafs  63  mj  exifting  in 
free  fpace  and  without  gravity. 

2.  The  moving  force.  Since  the  natural  weight  or  gravity  of 
any  given  fubftance  is  conftant,  and  the  exat^  quantity  of  it 
eafily  eftimated,  it  will  be  convenient  here  to  apply  a  weight  to 
the  mafs  A  as  a  moving  force  :  thus^  when  the  fyftem  confifts 
of  a  mafs  =  63  /«,  according  to  the  preceding  defcription,-  the 
whole  being  perfeftly  balanced,  let  a  weight  ^  oz.  or  w,  fuch  as 
is  reprefented  in  fig.  5.  be  applied  on  the  ipafs  A;  this  will 
communicate  motion  to  the  whole  fyftem :  by  adding  a  quantity, 
of  matter  m  to  the  former  mafs  63  tn^  the  whole  quantity  of 
matter  moved  will  now  become  64  m ;  and  the  moving  force 
being  ==:/»,  this  will  give  the  force  which  accelerates  the  defcent 
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of  A  =r  ^-  >  or  J-  part  of  the  accelerating  force  by  which  the- 

bodies  dcfcend  freely  towards  the  earth's  furface. 

By  the  preceding  conftruftion,  the  moving  force  may  be 
alteced  without  altering  the  mafs  moved:  for  fuppofe  the  three 
weights  m,  two  of  which  are  placed  on  A,  and  one  on  B  to  be 
removed,  then  will  A  balance  B.  If  the  weights  3  m  be  all 
placed  on  A,  the  moving  force  will  now  become  3  w,  and  the 
mafs  ^moved  64  m  as  before,  and  the  force  which  accelerates 
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the  defcent  ^f  A  =^— =--  parts  of  the  force  by  which  gravity 

accelerates  bodies  in  their  free  defcent  to  the  furface. 

Suppofe  it  were  required  to  make  the  moving  force  2w,  th«' 
mafs  moved  continuing  the  fame.  In  order  to  effeA  this,  let 
the  three  weights,  each  of  which=/w,  be  removed;  A  an4 
B  will  balance  each  other;  and  the  whole  mafs  will  be  61  m: 
let  i  «,  <lg.  5.  be  added  to  A,  and  im  to  B,  the  equilibrium  will 
ftill  be  preferved,  and  the  mafs  moved  will  be  62  w ;  now  let 
2  m  be  added  to  A,  the  moving  force  will  be  2  m,  and  the  mafs 
moved  64  m,  as  before;  wherefore  the  force  of  acceleration 
=^  part  of  the  acceleratipn  of  gravity.  Thefe  alterations  in 
the  moving  force  may  be  made  with  great  eafe  and  convenience 
in  the  more  obvious  and  elementary  experiments,  there  being  no 
ncccflity  for  altering  the  contents  of  the  boxes  A  and  B  :  but 
the  proportion  and  abfolute  quantities  of  the  moving  force  and 
mafs  moved  may  be  of  any  affigned  magnitude,  according  to  the 
conditions  of  the  propoGtion  to  be  illuftrated. 

3.  Of  the  fpace  defcribed.  The  body  A  fig.  1 .  defcends  in  a 
vertical  line;  and  a  fcale  about  64  inches  in  length  graduated 
into  inches  and  tenths  of  an  inch  is  adjufted  vertically,  and  fo 
placed  that  the  defcending  weight  A  may  fall  in  the  middle  of  a 
fquare  ftage,  fixed  to  receive  it  at  the  end  of  the  defcent :  the 
beginning  of  the  defcent  is  eftimated  from  o  on  the  fcale,  whea 
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the  bottom  of  tl^e  box  A  is  on  a  Icrel  with  o.  The  defcent  of 
A  is  terminatid  when  the  bottom  of  the  box  ftrikes  the  ftage, 
which  may  be  fixed  at  different  diftances  from  the  point  o  ;  fo 
^at  by  altering  the  pofition  of  the  ftage>  the  fpace  defcribed 
from  quiefcence  may  be  of  any  given  magnitude  lefs  than  64 
inches: 

A.  The  time  of  motion  13  obferved  by  the  beats  of  a  pendulum, 
which  vibrates  feconds ;  and  the  experiments^  intended  to  illus- 
trate the  elementary  propofitions,  may  be  eafily  fo  confl:ru£ted 
that  the  time  of  motion  fhall  be  a  whole  number  of  feconds:  the 
^(timation  of  the  time,  therefore,  admits  of  confiderablc  exa<fl- 
xiefs,  provided  the  obferver  takes  care  to  let  the  bottom  of  the 
J30X  A  begin  its  defcent  precifely  at  any  beat  of  the  pendulum ; 
then  the  coincidence  of  the  ftroke  of  the  box  againft  the  ftage, 
smd  the  beat  of  the  pendulum  at  the  end  of  the  time  of  motion, 
will  (hew  how  nearly  the  experiment  and  the  theory  agfee  to- 
gether. There  might  be  various  mechanical  devices  thought  of 
for  letting  the  weight  A  begin  it^  defcent  at  the  inftant  of  a  beat 
of  the  pendulum  W :  let  the  bottom  of  the  box  A,  when  at  o 
on  the  fcale,  reft  on  a  flat  rod,  held  in  the  hand  horizontally,  its 
extremity  being  coincident  with  o,  by  attending  to  the  beats  of 
the  pendulum;  and  with  a  little  practice  the  rod  which  fupport^ 
the  box  A  may  be  removed  at  the  moment  the^  pendulum  beats, 
fp  that  the  defcent  of  A  fhall  commence  at  the  fame  inftant. 

5.  Of  the  velocity  acquired.  It  remains  only  to  defcribo  ii| 
what  manner  the  velocity  acquired  by  the  descending  weight 
A,  at  any  given  point  of  the  fpace  through  which  it  has  de«. 
fcended,  is  made  evident  to  the  fenfes.  The  velocity  of  A'» 
defcent  being  continually  accelerated,  will  be  the  fame  in  n9t 
two  points  of  the  fpace  defcribed.  This  is  occafioned  by  the 
Gonftant  a£lion  of  the  moving  force ;  and  fmce  the  vllocity  of 
A  at  any  inftant  is  meafured  by  the  fpace  which  would  be  dCf 
fpribed  by  it,  moving  uniformly  for  a  given  time  with  the  ve« 
Ipcity  it  had  acquired  at  that  inftant,  this  meafure  caqnot  be  ex<% 
perimentally  obtained,  except  by  removing  the  force  by  which 
the  defcending  body's  acceleration  was  caufed. 

Ih  order  to  fli^^w  in  what  manner  this  is  afie£bed  pra^ically, 
|pt  us  again  fuppofe  the  boxes  A  and  B  =  25  m  each,  fo  as  to- 
gether to  be  =  50/^;  this,  with  the  wheel's  inertia  11  m,  wilL 
inakej5i  m\  now  let  m?  fig.  3*  be  added  to  A,  and  an. equal 
freight  m  to  B,  thefe  bodies  will  balance  each  other,  and  the 
whole  mafs  will  be  63.  tn.  If  a  weight  m  be  added  to  A,  motioq, 
^ilL  be  con^municated,  the  moving  force  being  m^  and  the  mafa^ 
l)aoyed  64  m  In  eftimating  the  moving  force>  the  circular  weight, 
'?=  91  was  made  ufe  of  a3  a  moving  force:  but  for  the  preCenft 
gurpofe  of  ihewiog  the  velocity  a(;quired^  it  will  be  convenient^ 


tp«fe  a  flat  rod^  the  weight  of  which  is  alfo  =  in.  Jj^t  tlie  bottom 
of  the  box  A  be  placed  on  a  level  with  o  on  the  fcak^  the  whple 
mafs  being  as  aefcribed  above  =  63  m,  perfe&ly  balanced  ia 
equilibrio.  Now  let  the  rod,  the  weight  of  which  =  i»,  be 
placed  on  the  upper  furface  of  A  j  this  body  will  defcend  along 
the  fcale  precifely  in  the  faoxe  manner  as  when  the  moving 
force  was  applied  in  the  form  of  a  circular  weight.  Suppofe . 
the  mafs  A,  fig.  65  to  have  defcended  by  conftant  acceleration 
of  force  of  fw,  for  any  given  time,  or  through  a  given  fpace : 
let  a  circular  frame  be  fo  affixed  to  the  fcale,  contiguous  to 
which  the  weight  defcends,  that  A  may  pafs  centrally  through 
it,  and  that  this  circular  frame  may  intercept  the  rod  m,  hf 
which  the  body  A  has  been  accelerated  from  quiefcence.  After 
the  moving  force*m  has  been  intercepted  at  the  end  of  the  given 
•  Jpace  or  time,  there  will  be  no  force  operating  on  any  part  of 
die  fyftem  which  can  accelerate  or  retard  its  motion:  this  being 
the  cafe,  the  weight  A,  the  inftant  after  m  has  been  removed^ 
muft  proceed  uniformly  with  the  velocity  which  it  hadacquired 
that  inftant:  in  the  fubfequent  part  of  its  defcent,  the  velocity^ 
being  uniform,  will  be  meafured  by  the  fpace  defcribed  in  anj 
convenient  number  of  feconds. 

Other  ufes  ofi^te  tnfirument  it  is  needlefs  to  defcribe  particu- 
larly, but  it  may  not  be  improper  to  mention  fome  of  them  ; 
fuch  as  the  experimental  eftimation  of  the  velocities  communi- 
cated by  the  impaQ:  of  bodies  elaftic  and  non-elaftic}  the  quantity 
of  refiilance  oppofed  by  fluids,  as  well  as  for  various  other  puf« 
pofes.  Thefe  ufes  we  fhall  not  infifl  oh ;  but  the  properties  o£ 
retarded  motion  J>eing  a  part  of  the  prefent  fubje£]:,  it  may  be 
neceiTary  to  fhew  in  what  manner  the  motion  of  bodies  refifted 
by  conftant  forces  are  reduced  to  experiment  by  means  of  the 
inftrument  above  defcribed,  with  as  great  eafe  and  preciiiQa  as 
the  properties  of  bodies  uniformly  accelerated*  A  finele  in- 
ftaoce  will  be  fufficient:  Thus,  fuppofe  the  mafs  con  tamed  in 
the  weights  A  and  B,  fig.  6,  and  the  wheels  to  be  61  m>  when 
perfectly  in  equilibrio;  let  a  circular  weight  m  be  applied  to  B^ 
and  let  two  lone  weights  or  rods,  each  =  m,  be  applied  to  A^, 
then  will  A  delcend  by  the  aftion  of  the  moving  force  w,  the 
mafs  moved  being  64m.-  fuppofe  that  when  it  has  defcribed 
smy  given  fpace  by  conftant  acceleration,  the  two  rods  m  are  in<« 
tercepted  by  the  circular  frame  above  defcribed,  while  A  is  de- 
fpendiog  through  it,  the  velocity  acquired  by  that  defcent  is 
known;  and  when  the  two  rods  are  intercepted,  the  weight' 
A  will  begin  to  move  on  with  the  velocity  acquired,  being  no^ 
retarded  by  the  conftant  force  m\  and  iince  the  mafs  moved  is 
6fzm,it  follows,  that  the  force  of  retardation  wUl  be  -^  part  of 
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that  force  whereby  gravity  retards  bodies  thrown  perpendicularly 
upwards.  The  weight  A  will  therefore  proceed  along  the  gradu- 
ated fcalein  its  defcentwith  an  uniformly  retarded  motion,  and 
the  fpace  defcribed,  times  of  motion,  and  velocities  deftroyed 
by  the  refifling  force,  will  be  fubjeft  to  the  fame  meafures  as  in 
Ate  examples  of  accelerated  motion  above  defcribed. 

In  the  foregoing  defcriptions,  two  fuppofitions  have  been 
affiimed,  neither  of  which  is  mathematically  true :  but  it  may 
be  eafily  fliewn  that  they  are  fo  in  a  phyfical  fenfe  j  the  errors 
occafioned  by  them  in  pra£tice  being  infenfibJe. 

1.  The  force  which  communicates  motion  to  the  fyftem  has 
been  aiTumed  conftant ;  which  will  be  true  only  on  a  fuppofition 
iJiafe  the  line,  at  the  extremities  of  which  the  weights  A  and  B> 
fig.  r.  are  affixed,  is  without  weight.  In  order  to  make  it 
evident  that  the  line's  weight  and  inertia  are  of  no  fenfibic 
cffe£^,  let  a  cafe  be  referred  to,  wherein  the  body  A  defcends 
through  48  inches  from  reft  by  the  adlion  of  the  moving  force 
»,  wlien  the  mafs  moved  is  64  w;  the  time  wherein  A  defcribes 
4$  inches  is  increafed  by  the  elFefts  of  the  line's  weight  by  no 
more  than  Ttfo-frath  parts  of  a  fecond :  the  time  of  defcent  being" 
3.9896  feconds,  when  the  firing's  weight  is  not  confidered,  and' 
the  time  when  the  firing's  weight  is  taken  into  account = 4.020ft 
feconds;  the  difference  between  which  is  wholly  infenfible  by 
obfervation. 

2.  The  bodies  have  alfo  been  fuppofed  to  move  in  vacuo>' 
whereas  the  air's  refiflance  will  have  fome  cScA  in  retarding 
their  motion:  but  as  the  greateft  velocity  communicated  in 
thefe  experiments  cannot  much  exceed  that  of  about  26  inches 
in  a  fecond  (fuppofe  the  limit  26.2845),  and  the  cylindrical 
boxes  being  about  i-J  inches  in  diameter,  the  air*s  refiflance  can 
never  incrcafe  the  time  of  defcent  in  fo  great  proportion  as  that 
of  240 :  24 1 ;  its  efFefts  therefore  will  be  infenfible  in  experiment. 

The  effefts  of  fridion  are  almofl  wholly  removed  by  the 
ftriSion  wheels ;  for  when  the  furfaces  are  well  polifbed  and 
free  from  dufl,  &c.  if  the  weights  A  and  B  be  balanced  in  per- 
fect equilibrio,  and  the  whole  mafs  confifls  of  63  w,  according 
to  the  example  already  defcribed,  a  weight  of  i^  gi^ain,  or  at 
iDofl  2  grains,  being  added  either  to  A  or  B,  will  communicate 
motion  to  the  whole;  which  ftiews  that  the  efFefts  of  fri&ion 
will  not  be  fo  great  as  a  weight  of  i^  or  2  grains.  In'fi>mc 
cafes,  however,  efpccially  in  experiments  relating  to  retarded 
motion,  the  efFefts  of  fri£iion  become  fenfible;  but  maybe  very 
iljadily  and  exaftly  removed  by  adding  a  fmall  weight  01  1.5  or  2 
grains  to  the  defcending  body,  taking  care  that  the  weight  added 
k  foch  aa  is  in  the  leaft  degree  fmallcr  than  that  which  is  jvft 
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fofficiezit  to  fet  the  whole  in  itiotion,  when  A  and  B  are  equal» 
and  balance  each  other  before  the  moving  force  is  applied. 
Aivoood  on  Motion^  p.  3 1 6. 

BALANCE}  as  diitinguiihed  from  the  Steelyard,  is  a  lerer 
with  equal  arms>  whofe  fulcrum  or  centre  of  motion  is  fituated 
immediately  above  the  centre  of  gravity  of  the  beam,  when  hori- 
zontal: it  is  ufed  chiefly  in  determining  the  equality  or  difFer- 
cnce  in  the  weights  of  different  bodies.    / 

Some  remarks  on  the  nature  of  the  balance  were  made  when 
we  treated  of  the  iQver  in  the  firft  volume;  where  alfo  we 
(hewed  how  to  correct  the  deception  occasioned  by  a  falfe 
balance:  in. addition  to  what  was  there  ftated,  we  mall  now 
prefent  a  few  fuch  obfervations  as  may  be  moft  ferviceable  in 
dire£king  the  accurate  conftru&ion  of  this  inftrument.  ' 

1.  The  axis  of  motion  of  the  balance  fhould  be  above  tlie 
centre  of  gravity  of  the  beam. 

2.  A  flender  index,  or  tongue  (as  it  is  called),  pafles  through 
tbe  centres  of  gravity  and  motion  of  the  beam,  perpendicular 
to  its  axis  :  by  this  index  the  horizontal  pofition  of  the  beam* 
when  loaded,  in  the  comparifon  qf  weights,  is  determined. 

3.  When  the  balance  unloaded  is  quiefcent,  and  therefore ' 
horizontal,  if  the  index  which  pafles  through  the  fulcrum  be 
direded  to  any  fixed  point  \  and  again  when  the  balance  is  re- 
verfed,  it  be  dire£led  to  the  fame  fixed  point;  it  is  in 'the  right 
line  which  joins  the  centre  of  gravity  and  the  fulcrum. 

By  this  means  the  pofition  of  the  index  is  adjufted. 

4.  The  perpendicular  diftances  of  the  points  of  application  of 
the  weights  to  be  compared,  from  the  right  line  which  joins  the 
centres  of  gravity  and  of  motion,  ihould  be  equal,  that  is,  the 
arms  of  the  balance  ought  to  be  equal. 

5.  The  points  of  application  from  which  the  weights  are  fuf- 
pended,  ihould  be  in  the  fame  right  line  perpendicular  to  the 
line  joining  the  centres  of  gravity  and  of  motion. 

6.  The  nearer  the  right  line  joining  the  points  of  application 
is  to  the  centre  of  motion,  the  larger  vibrations  of  the  balancey 
and  a  more  fenfible  efie£k,  will  be  produced. 

7.  If  the  centre  of  motion  be  fituated  below  the  line  joining 
the  points  of  application,  the  beam,  when  loaded  with  equal 
weights,  will  overfet,  reft  in  any  pofition,  or  equilibrate,  accord- 
ing CO  the  weight. 

8.  When  two  given  weights,  fufpended  from  the  arms  of  a 
balance,  are  in  equilibrio,  if  thefe  weights  when  transferred  to 
the  oppofite  fcales  be  ftili  in  equilibrio,  the  arms  of  the  balance 
are  equal. 

9.  The  various  adjuftments  of  the  balance  are  thefe:  ift« 
fqual  weights  are  readily  founds  whatever  be  the  ftate  of  the 
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kfehnce;  for,  if  they  reduce  the  beam  to  the  fame  pofitxoiiy 
when  fucceflively  applied  to  the  fame  arm,  they  mud  be  equah 
then  if  thefe  equal  weights  tranfpofed  do  not  difturb  the  po(ition 
0^  the  beam,  the  arms  are  equal,  adly.  If  unequal  weights 
tranfpofed  produce  equal  defie&ions  of  the  beam,  the  points  of 
fufpenfion  are  in  the  fame  right  lines,  perpendicular  to  that 
trbich  joins  the  centre  of  gravity  and  motion ;  and  therefore 
the  line  joinmg  thefe  points  will  be  horizontal  when  the  beam 
k^uigs  freely.  3dly.  Let  the  index  be  dire£led  to  any  fixed  points 
then  the  beam  being  reverfed,  if  it  ftill  pals  through  the  fame 
point,  the  index  is  perpendicular  to  the  axis  of  the  beam. 

lO*  The  equilibrium  of  the  babnce  will  be  affefted  by  the 
tongue,  unkfs  it  be  continued  below  the  centre  of  motion,  £o 
Akat  the  momenta  on  both  fides  may  he  equal  and  oppo&te. 

II.  Minute  differences  of  weight,  are  rendered  more  dif« 
ccmible  by  diminifhing  the  £ri£^ion  upon  the  axis»  as  by  fufpend- 
ing  it  to  a  fork  with  fprings,  &c. 

Indeed  whep  balances  are*required  for  accurate  philofophkral 
porpofes,  much  caution  is  requisite  in  the  various  parts  of  the 
coaftmctioD,  and  many  peculiar  contrivances  have  been  adopt* 
cd :  fome  of  the  heft  of  thefe  are  given  in  the  following  article. 

Hydyoftatic  Balance^  is  an  inftrument  contrived  to  determine 
accurately  the  fpecific  gravity  of  both  folid  and  fluid  bodies. 
Oxie  of  the  moft  ingenious  forms  of  this  balance  is  exhibited  in 
fig.  5.  pL  VL  where  VCG  is  the  ftand  or  pillar,  which  is  to  be 
fixed  in  a  table.  From  the  top  A  hangs  by  two  filk  firings  the 
boriaontal  bar  BB,  from  which  is  fufpended  by  a  ring  /  the 
fioe  beam  of  a  balance  k\  which  b  prevented  from  defcending 
too  low  on  either' fide  by  the  gently  springing  piece  txyz,  fixed 
OR  the  fupport  M.  The  hai^nefs  is  annulated  at  a,  to  fhew  di£- 
mSdy  the  perpendicular  pofition  of  the  examen,  by  the  finall 
pointed  index  fixed  above  it. 

llie  firings  by  which  the  balance  is  fufpended,  paffing  over 
tvo  pulteys,  one  on  each  fide  the  piece  at  A,  go  down  to  the 
bottom  on  the  other  fide,,  and  are  hung  ovevthe  hook  at  v;  which 
hook,  by  means  of  a  fcrew  P,  is  moveable  to  about  the  diflance 
cf  an  in^h  and  a  quarter  backward  and  forward,  and  therefore 
the  balance  may  be  raifed  or  deprefied  fo  much.  But  if  a 
p^eater  elevation  or  deprefiion  be  required,  the  fllding  piece 
which  carries  the  fcrew  P,  is  readily  removed  to  any  part  of  the 
f(|LiaFe  brafe  rod  VK>  and  fii^d  by  means  of  a  fcrew. 

The  motion  of  the  balance  being  thus  adjufled,  the  refl  of 
Aft  apparatus  is  as  fellows:  HH  is  a  finall board  fixed  upon  the 
piece  D,  under  the  fcales  d  and  ^,  and  is  moveable  up  and  4^v{m 
in-  a  low  flit  m  ilie  pillar  above  C,  and  fattened  at  any  part  oy  a 
bxcvi  b^und^    F/om  tb£.  point  in  the  middle  of  the  bottom  of 
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cacK  fcale hangs,  by  a  fine  hook,  a  brafs  wire  a d^  and ae:  thefe 
pafs  through  two  holes  m,  m,  in  the  table.  To  the  wire  mdiB 
fufpended  a  curious  cylindric  wire  r  s^  perforated  iit  each  end 
for  that  purpofe:  this  wire  r  /  is  covered  with  paper  gradu'kteil 
by  equal  divifions,  Ind  is  about  five  inches  l<Hig« 

In  the  corner  of  die  board  at  £  is  fixed  a  brafs  tube,  on  whtck 
a  ro«md  wire  ^  /  is  fo  adapted  as  to  move  neither  too  tight  nor 
too  freelyi  by  its  flat  head  L  Upon  the  lower  part  of  this 
moves  another  tube  Q^  which  has  fufficient  fridiop  to  make  It 
remain  in  any  pofition  required:  to  this  is  fixfd  an  index  T^ 
moving  horizontaHy  when  the  wire  hi  is  turned  about,  and 
may  therefore  be  eafily  fet  to  the  graduated  wire  r  s.  From  the 
lower  end  of  the  wire  r  s  hangs  a  weight  L;  and  from  that  a 
wire  p  n,  with  a  fmall  brafs  ball  g  about  one  fourth  of  an  inda 
diameter.  On  the  other  fide  from  the  wire  a  c  hangs  a  large 
glafs  bubble  R,  by  a  horfe-hair. 

Now,  let  us  fuppofe  the  weight  L  taken  away,  and  die  wife 
f  n  fufpended  from  /.*  and  on  the  other  fide  let  the  bubble  & 
be  taken  away,  and  a  weight,  as  F,  fufpended  at  r  in  its  room. 
This  weight  F  we  fuppofe  to  be  fuificient  to  keep  the  feveral 
parts  hanging  from  the  other  fcale  in  equilibrium ;  at  the  fame 
time  that  the  middle  point  of  the  wire  pn  is  at  the  furface  of 
the  water  in  the  vefiel  O.  The  wire  /» /i  is  to  be  of  fuch  a  fisae 
that  the  length  of  one  inch  &all  weigh  four  grains. 

Now  it  is  evident,  fince  brafs  is  about  eight  times  heavier 
than  water,  that  for  every  inch  the  wire  finks  in  the  water,  it 
will  become  half  a  grain  lighter;  and  half  a  grain  heavier  far 
every  inch  it  rifes  out  of  the  water :  confequently,  by  finking 
two  inches  below  the  middle  point,  or  riling  two  inches  above 
it,  the  wire  will  become  in  efFe£b  one  grain  lighter  or  heavier- 
If,  therefore,  when  the  middle  point  is  at  the  furface  of  the 
water  in  equilibrio,  the  index  T  be  fet  to  the  middle  point  of 
the  graduated  wire  r  /,  and  the  diftance  of  r  and  of  x  from  the 
index  be  each  reckoned  to  contain  lOO  equal  parts;  then,  if  in 
weighing  bodies  the  weight  is  required  to'  the  hundredth  part  oC 
a  grain,  it  may  be  eafily  obtained  by  proceeding  thus:— Let  the 
body  to  be  weighed  be  placed  in  the  fcale  e  \  atid  let  this  be  £b 
determined  that  one  grain  more  ihall  be  too  mudi,  and  one 
grain  lefs  too  little.  Then  the  balance  being  moved  gentlj 
up  or  down  by  the  fcrew  P  till  the  equilibrium  be. nicely 
&ewn  at  9,  if  the  index  T  be  at  the  middle  point  of  the  wire 
r  /,  it  ihews  that  the  weights  put  into  the  fcale  e  arc  juft  equal 
to  the  weight  of  the  body. 

But  if  the  index  T  ftand  nearer  to  r  than  to  /,  as  fuppofe  36 
of  the  too  parts,  it  (hews  the  number  of  grains  in  the  fcale  0 
were  lefs  tlian  equal  to.  the  weight  of  the  body  in  fcale  J,  by  36 
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bundredtlis  of  a  grain  :  and  if,  on  the  other  hand,  the  index  had 
ftood  at  the  divifion  36  below  the  middle  point  of  r  s,  then  wofdd 
the  grains  m  the  fcale  e  indicate  more  thin  the  real  weight  in  d 
ky  36  hundredths  of  a  grain. 

Inftead  of  putting  the  body  in  the  fcale  d  as  before,  let  it  be 
appended  with  the  weight  F  at  the  hook  r  by  a  horfe-hair,  as  at 
R,  fuppofing  the  veflel  of  water  were  away ;  then  obferve  the 
equilibrium,  and  as  it  hangs,  let  it  be  immerfed  in  the  water  of 
die  veflel  O,  and  it  will  become  much  lighter ;  the  number  of 
g^ns  and  parts  of  grains,  determined  as  before,  required  to 
xeftore  the  equQibrium,  will  ihew  the  weight  of  water  equal  in 
bulk  to  the  body  immerfed. 

in  pradice,  the  wire  p  n  fliould  be  oiled,  and  then  wiped  as 
clean  as  poilible ;  enough  will  remain  to  prevent  the  water  ad- 
h^ing  to  it»  The  balance  ought  to  be  raifed  very  gently,  and 
when  brought  to  an  equilibrium  ihould  be  gently  agitated,  to 
lee  whether  it  will  return  to  the  equilibrium  again. 

For  the  defcription  of  M.  Paul's  accurate  fteelyard  to  anfwer 
the  fame  purpofes,  fee  the  article  steelyard. 

M.  Prony,  of  whom  we  have  often  had  occafion  to  fpealc, 
has  invented  a  ftand  or  fupport  for  balances  of  all  dimenHonsy 
which  is  calculated  to  render  the  operations  for  which  thefe 
inftruments  are  ufed,  more  expeditious  and  convenient,  without 
diminifliing  their  accuracy.  His  account  is  publifhed  in  the 
Annales  de  Chimie,  xxxvi.  50. 

"  Several  experiments,"  fays  he,  "  in  which  I  was  engaged 
dining  the  comfe  of  the  lad  winter,  put  me  under  the  neceffity 
of  contriving  a  fupport  which  might  be  applied  promifcuouOy 
to  every  kind  of  balance,  whether  provided  with  a  fufpending 
handle  or  not,  and  which,  without  detriment  to  its  accuracy, 
fliould  afford  me  commodious  means  of  fucceflively  railing  and 
lowering  it.  It  is  well  known  how  embarrafling  and  laborious 
the  operation  of  weighing  is,  when  performed  with  balances 
fnpported  by  the  hand;  though  this  is  often  only  the  (malleft  in«- 
conveoience  with  which  their  ufe  is  attended. 

"  Various  artifts  have  contrived  fupports,  commodious  in 
their  ufe,  and  ingenious  in  their  principle;  but  as  each  of  thefe 
fupports  can  only  be  adapted  to  a  fingle  balance,  they  become 
fo  expenfive  as  to  be  out  of  tlie  reach  of  the  majority  of  artifts 
and  experimentalifts*  I  think,  therefore,  I  fliall  do  them  an 
acceptable  fervice  by  publifliing,  in  compliance,  with  the  re- 
queft  of  feveral  eminent  chemifts,  the  defcription  of  a  fupport, 
which,  be  fides  the  advantage  of  being  adapted  for  all  kinds  of 
balances,  poiTeift'S  that  of  being  conftrudled,  at  a  fmall  expenfe, 
either  in  wood  or  metal. 
.  **  A  triangular  foot  of  brafs  Aa^a^  a  (figs.  r.  and  2.  plate 
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VL  reprefentmg  the  devatiixi  and  fe£lion  of  my  apparatus),  fias 
its  three  extremities  a^  a,  a,  firmly  fcrewed  down  upon  a  taUe 
or  horizontal  plane.  Into  the  part  A  of  this  foot  is  fcrewed  z 
cylindrical  rod  A  B,  which  may  be  of  finy  arbitrary  length:  it 
jnay  even  be  convenient  to  have  two  of  thefe  of  different  Jengths^ 
in  order  that  they  may  be  changedt  when  we  wifli  to  employ 
the  machine  for  very  large  balances.'  Thofe  which  I  have  made 
.  ufe  of  are,  the  one  half  a  metre^  and  the  other  one  metre  (39*4 
inches)  in  length. 

^*  A  vertical  pulley,  F,  is  placed  at  the  top  of  the  ftem  A  B^ . 
in  fuch  a  manner  that  the  fame  vertical  plane  pafles  through  the 
axis  of  the  rod»  and  through  the  horizontal  axis  pf  the  pulley  i 
the  block  or  collar  CD  of  this  pulley  has  at  its  lower  part  a  tube 
CB,  into  which  enters,  with  a  gentle  fri£i;ion,  the  fuperior  ex- 
tremity of  the  rod  AB  9  a  fcrew,  £,  ferves  to  keep  the  pulley  in  a 
fixed  pofition. 

*^  Another  pulley,  P,  is  fixed  at  the  jbottom  of  the  rod  AB,  ia 
fuch  a  pofitton  that  the  tangent  of  the  pulleys  P  and  P  is  parallel 
to  the  axis  of  the  rod  AB. 

**  A  cord  Ktp  HGPF,  te  the  end  of  which  is  fufpended  oa 
the  outfide  of  the  vertical  table  K  a  fmall  Mreight  ky  pafles 
.  through  a  hole  /  made  in  the  foot  a,  rolls  over  the  pulleys  p  and 
P,  and  is  attached  at  F  to  a  piece  mtn^  nq^  which  has  tne  foma 
of  a  fork,  and  to  which  are  fufpended  (as  1  {hall  (hortly  explain) 
the  balance,  the  weights,  and  the  fubftances  that  are  to  be 
weighed.  F  «t  is  a  button,  which  being  fcrewed  at  the  top  <^ 
the  fork,  receives  the  end  of  the  cord,  and  by  means  of  a  knot 
made  on  it  fuftains  the  fork. 

*'  The  tail  or  handle  of  this  fork  is  of  a  prifmatic  form  at  tlie 
part  ot'  «;  this  prifmatic  part  enters  a  groove^ymade  at  the  ex- 
ttemity  N  of  the  horizontal  piece  NO,  fo  that  it  can  Aide  freely 
in  this  groove  either  upwards  or  downwards,  its  courfe  being 
however  limited  at  m\  where  it  is  (lopped  by  the  enlarged  handle 
of  the  fork,  and  at  //  by  the  greater  width  produced  by  the  fepa* 
ration  of  the  two  branches  of  the  fork. 

"  The  piece  NO,  which  is  hollow,  and  interfedied  at  O  by 
the  ilem  AB,  can  Aide  along  and  turn  round  this  ftem:  when  it 
is  brought  to  its  proper  height,  it  is  fecured  by  means  of  thc^ 
fcrew  V,  and  it  is  then  neceflary,  firft,  that  it  fhould  be  at  fuch 
a  height  that,  when  the  ftop  m  refts  on  the  fide  of  the  groove^^ 
pr  when  NO  can  move  no  further  down,  the  fcale  of  the  balanco 
{hall  be  in  conta£l  with  the  table  or  horizontal  plane,  in  order 
that  we  may  afterwards  be  able  to  raife  it  the  whole  height  of 
fni  fecondly,  that  the  cord  FF  be  in  one  and  tlic  fame  vertical 
plane  with  HG. 
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**  The  iproore  at  N  ought  to  be  fitnated  in  fuch  *a  m&imdr 
di^t  the  axis  of  the  prifiiaatic  part  of  the  tail  of  die  fork,  and 
the  cord  f¥\  ihall  always  be  in  the  fame  verticle  planej  or  in  a 
pa^Sel  iine  with  the  ajus  of  thge  Aena  AB« 

'  ^^  Thefe  difpofitions  being  made^  kt  us  imagine  the  two  - 
brinches  n  g  of  the  fork  to  be  perforated  with  holes  of  different 
dtiameters^  in  order  to  recehre  horizontal  pins  fggj  of  different 
fizi^  I  and  we  (hall  hava  all  that  is  icqaifite  for  the  ordinary 
operations  of  weighings  performed  in  the  air  with  balances, 
tb^  beams  of  which  are  fufpended  from  above. 

J*  In  fad,  whatever  kind  of  balance  we  ufe,  we  are  to  intn>- 
duce  the  extremity  of  its  fufpending  handle  into  the  fork  nf, 
and  infert  into  the  round  hole,  which  the  handle  of  the  balance 
always  has  at  its  fuperior  extremity,  any  one  of  the  pins  that 
will  enter  with  eafe;  we  then  apply  the  piece  ON  in  fuch  a 
manner  as  to  fulfil  the  conditions  above  laid  down  for  th6 
pofition  of  this  piece;  after  which,  it  is  to  be  fixed  by  the 
fcrew  V.  This  being  dcme,  the  fcaies  of  the  balance  arc  to 
be  charged,  whieh  t>eing  in  conca£^  with  the  table,  or  horizontal  ' 
plane,  can  have  no  motion.  When  the  fcaies  are  charged,  wc 
lay.  hold  of  the  fmall  ball  k,  and  draw  the  cord  which  fufpends 
k  fo  as  to  raife  the  balance  very  (lowly:  if  the  fcaies  be  not  in 
cquilibrio,  the  cord  is  to  be  loofened  till  they  reft  again  upon 
the  table,  and  fo  fucceflively. 

V  A  counterpoife,  Q,  fufpended  to  the  c6rd  FG,  ought  t6  * 
prefcrve  the  equilibrium  with  the  weight  of  the  balance.  By 
means  of  this  precaution.it  comes  to  pafs,  that  the  commotl 
centre  of  gravity  of  all  the  forces  fupported  by  the  pulley  P, 
falls  in  ail  cafes  upon  the  axis  of  the  Item  AB,  which  thus  has 
no  tendency  to  bend. 

!*  If  we  Wifli  now  to  ufe  a  hydroftatic  balance,  we  adapt  to  • 
die^em  AB  a  fmall  board  ON,  fig.  3.  which,  by  means  of  a 
cylttidTLcal  hole  atO,  may  Aide  along  the  rod  AB,'and  be  fixed 
at  any  arbitrary  height  by  a  fcrew  at  V.  Another  piece,  or  board, 
K*  K',  is  placed  upon  V'  N*,  in  fuch  a  manner  that  the  holes 
TT  correfpond  with  the  centre  of  the  fcaies,  under  which  are 
plaeed  the  hooks  intended  for  holding  the  fubilances  fufpended  . 
in  the  water,  and  K*  K'  is  fixed  upon  V*  N*  by  means  of 
fcrews  V*.  '^ 

"  Thefe  arrangements  being  made,  let  the  piece  N'  0*»and  . 
the  bocrd  K*  K*,  be  placed  in  fuch  a  manner  that,  firft,  the  "• 
whole  height  of  the  balance  be  placed  between  this  piece  and/ 
the  b^rd,  and  that  the  fcaies  L  L  be  in  contafl:  with  tlw»  board  , 
K'f,'  their  centres  correfponding  with  holes  made  m  TTVji 
Secondly,  that  K*  K'  be  fuUicientlj  elevated  to^  enable  n\  'u> 
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plac^  under  it  the  vefiels  WW,  filled  with'  ^atef,  and  dytffe 
Temently  to  immerie,  in  one  of  thefe  yeflels,  the  fubftancci 
which  we  wiih  to  weigh  hydroftaticallyj 

•  '*  According  to  the  common  pra^lice,-  thefe  fubftances  znt 
fufpended  by  a  very  thin  wire;  but  by  placing,  after  my  method^ 
two  yeflels,  and  fufoending  to  the  two  fciales  wire$  of  e<pial 
diameter,  die  one  ot  which  fnpports  die  fubftance  that  ia  to  be 
weighed,  and  the  other  merely  in  part  immerfed,  the  magnkndc 
of  the  diameter  will  have  no  influence  upon  the  accuracy  of  the 
operadon;  for,  let  us  fuppofe  the  apparatus  to  be  adjufted  in 
fuch  a  manner  diat  at  firft  the  two  wires  were  in  equilibria 
with  each  odier  (which  may  eafily  be  obtained' by  varying  the 
Jheigfat  of  the  water  in  the  veflfels),  thefe  two  wires  will  fliil  be 
in  equilibrio,  when  the  beam  FF',  being  elevated,  will  remain 
in  its  horizontal  pofition:  whence  it  follows,  that  if  one  of  the 
wires  have  fufpended  from  it  a  fubftance  ioajnerfed  in  the  water^ 
and  we  place  in  the  oppofite  fcale,  and  cUnfequently  out  of  the 
water,  a  Veight  adequate  to  keep  the  equilibrium  whh  the  im« 
Qierfed  fubftance,  for  a  horizontal  pofition  of  the  beam,  the 
equilibrium  will  ftill  be  maintained,  whatever  may  be  the  eleva* 
tion  or  depreiTion  of  the  beam,  provided  it  continue  in  a  hori* 
zontal  pofition;  for  the  lengths  of  the  wires,  either  above  or 
below  the  furface  of  the  water,  being  equal,  the  difference  be« 
tween  the  fpecific  weight  of  the  water  and  that  of  the  metal 
will  operate  equally  upon  both  extremities  of  the  beam.     It  is 
evident  that  this  advantage  will  not  be  obtained  if  we  employ 
only  the  wire  to  which  the  fubftance  is  fufpended,  and  that  the 
equilibrium,  eftabliihed  for  a  certain  elevation  and  a  horizontal 
pofidon  of  the  beam,  will  not  apply  to  other  elevations  of  the 
beam  by  preferring  it  in  the  horizontal  pofition. 

'^  It  is  to  be  remarked,  that  my  noethod  compenfates  not 
only  for  the  excefs  of  the  fpecific  weight  of  the  wires  over  that 
of  the  water,  but  alfo  for  that  which  depends  upon  the  adhefion 
of  the  fluid  to  the  wires,  and  the  covering  of  water  which  they 
carry  along  with  them. 

/*  All  that  has  been  faid  hitherto  applies  only  to  balances 
that  are  provided  with  fufpending  handles-,  but,  in  order  to 
render  this  fupport  abfolutely  univerfal  in  its  ufe,  it  was  nec^f- 
(ary  that  it  fhould  be  poflible  to  adapt  it  to  a  beam  whid  had 
nothing  but  its  centres;  for  which  purpofe  I  contrived  an  ap- 
paratus, which  is  fufpended,  like  thofe  of  a  common  balance^ 
to  the  fork  n  q^  and  which  may  receive  the  centres  of  any 

•  beam.  The  engraved  plates  of  my  machine  reprefent  it  pro- 
tided  with  this  apparatus,  the  conftru&ion  o^  yrhidi  is  as 
ftUows. 

^  A  ^ece  /  /'  has  a  icrewed  hole  boied  into  it  at  t\^a^ 
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which  the  fcrew  dd  h  mferted  half  its  length.  Another  faolet 
nade  at  x,  in  a  perpendicular  di|pdion  to  the  firft,  receives  the 
pin  ggf  to  which  all  the  inferiofapparatus  is  fufpended.  This 
hole  s  fupplies  the  place  of  that  which  is  found  at  the  upper  ex* 
tremity  of  the  fufpending  handle  of  balances. 

^  The  two  other  verticai  pieces  r,  r,  fig^.  4,  have  at  iheir  ufpti 
{)art  ^cylindrical  holes  not  fcrewed^  in  which  the  fcvew  dd  can 
tarn  freely.  Thefe  fuperior  parts  are  placed  at  an  arbitrary  dt 
Itance,  and  retained  in  their  fituation  by  means  of  four  nut-fcrews 
m^  tfy  Uf  u,  each  of  the  pieces  being  faftened  between  two  of 
chefe  nut-fcrews.  A  cylindrical  rod  i  b  traverfes  the  inferior 
parts  of  diefe  pieces  rr^  and  is  fixed  there  by  means  of  nut^ 
fcrewsi  in  fuch  a  manner  that  the  fuperior  and  inferior  points  of 
the  pieces  rr  are  invariably  at  the  fame.diftance. 

<<.£ach  of  thefe  pieces  rr  has,  upon  the  furface  which  is  per* 
pendicular  to  the  dire£kion  of  dd  and  hbi^.  groove  e  e^  and  a  cir- 
cular aperture  X,  having  at  its  lower  part  a  fmaU  bracket  of 
poliflied  fteel  a  a^  intended  to  fupport  one  o^  the  centres  of  the 
beam.  Into  the  upper  part  of  the  grooves  ^^  a  rule  //  is  in- 
troduced, which  muft  enter  with  tigfatnefs,  and  which,  widi  the 
pieces  dd  zn&hhy  give  fuch  a  folidity  to  the  apparatus,  that  the 
adjuftmenc  of  its  parts  cannot  be  in  the  fmalleft  degree  d»« 
ranged.  The  remainder  of  the  groove,  which  is  not  occupied 
by  e^  e\  ought  to  be  of  a  length  fomewhat  greater  than  that  of 
the  largeft  cock  or  index  adapted  to  the  beams  which  we  ihaU 
have  to  ufe. 

<f  The  method  of  ufing  the  apparatus  which  I  have  juft  de- 
fcribed  is  very  fimple.  The  beam  which  we  intend  to  em* 
ploy  is  placed  between  the  two  branches  r  r,  which  are  re- 
moved from  each  other  till  the  centres  can  be  brought  oppoGte 
to  the  circular  holes  X;  the  pieces  r,  r,  are  then  brought  to- 
gether in  fuch  a  manner  that  the  centres  enter  thefe  holes  X« 
and  fo  as  ftill  to  leave  feme  room  for  motion  between  thefe 
pieces  and  the  body  of  the  beam,  in  order  that  the  ofcillations 
of  the  balance  may  be  perfeftly  free.  The  pieces  r,  r,  arc 
brought  parallel  with  each  other,  and  the  adjuftment  of  the 
apparatus  is  rendered  perfeSly  firm,  by  means  of  nut-fcrewS, 
by  the  fmall  cylindricaf  rod  b  b,  and  oy  the  rule  e^  e\  The 
apparatus  being  adjufted  in  this^  manner,  it  is  fufpended  to  the  - 
fork  nqj  by  inferting  the  pin  gg  into  the  hole  j,  and  the 
balance  is  uijcd  in  the  manner  that  has  already  been  explaincfl. 
We  know  the  equilibrium  to  be  eftabliflied,  and  the  beam  to 
•  be:  horizontal,  when  the  index  y  y  divides  the  breadth  of  the 
fpace  ^^  into  itwo  equal  parta;  but,  in  order  to  afcertain  the' 
ci.rcumftance  with  greater  accuracy,  I  have  attached  to  the  rule 
e^  i  a  plummet  e"  1',  by  means  of  which  we  may  diftin^i^fh  th^" 
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ifiglifeft  devTations  of  the  index  from  the  perpendicular  d^- 
ireaion.** 

Datiifh  BALANCE,  15  a  kind  of  balance  or  fteelyatd  in  commoh 
ufe  in  many  parts  of  the  continent  of  Europe,  and  is  of  a  very 
(imple  conftru£tion.  It  is  thus  defcribed  in  the  Encychpadt0- 
Britanntca  (art.  Steelyard):  *' It  confifts  of  a  batten  of  hard 
vrood,  having  a  heavy  lump  E  (fig.  7.  pi.  VI.)  at  one  end,  and  a 
fwivel  hook  3  at  the  other.  The  goods  to  be  weighed  are  fuf* 
|)iended  on  the  hook,  and  the  whole  is  carried  in  a  loop  of  whip- 
cord F,  in  which  it  is  Aid  backward  and  forward  till  the  goods 
are  balanced  by  the  weight  of  the  other  end.  The  weight  of 
the  goods  is  eftimated  by  the  loop  on  a  fcale  of  divifions  in 
harmonic  progreffion.  They  arc  marked  (we  prefume)  by  trial 
with  known  weights.'* 

It  would  feem,  then,  that  the  writer  of  the  article,  whence 
the  ^bove  is  extracted,  was  not  aware  that  the  divifions  on  the 
Danifli  balance  might  be  effedled  by  a  method  purfely  geo- 
metrical :  yet  M.  Roemer  pointed  out  luch  a  method  more  than 
a  century  ago,  in  Recueil  des  Machines  appr*  par  VAcad,  jRoj. 
Set.  torn.  I.  pa.  80.  It  is  in  fubftance  as  lollows.  Let  AC  (figs* 
7. 8.)  be  the  diftahce  between  the  point  A  from  which  the  body 
whofe  weight  is  to  be  determined  is  fufpended,  and  C  the 
centre  of  gravity  of  the  balance  when  the  weight  W  is  not  at- 
tached to  it.  From  the  point  C  draw  an  indefinite  line  CjS, 
making  any  angle  ACD  with  the  line  AC  on  which  the  divifions 
of  the  balance  are  to  be  marked;  and  through  A  draw,  another 
right  line  AN  parallel  to  CD.  Set  off  any  equal  diftances  CE, 
EF,  FG,  GH,  HI,  &c.  along  the  line  CD;  and  upon  AN.  fet 
off  the  diftancc  AB  eqiial  to  one  of  the  equal  diftances,  as  CE» 
upon  CD.  From  B  as  a  fixed  point  draw  lines  BE,  BF,  BG, 
BH,  &c,  to  the  feveral  points  of  divifion  on  CD;  and  they  will 
interfed  the  line  AC,  in  the  points  i,  2,  3, 4,  S,  &c.  where  the 
fubdi^rifion  marks  ought  to  ftand  in  the  balance,  fig.  7.  The 
numbers  i,  2,  3,  4,  &c.  fig.  8.  denote  fo  many  times  the  aftual 
weight  of  the  balance  and  its  knobs,  independent  of  the  adven- 
titious weight  W'  .  Thus  if  the  unloaded  balance  weigh  61bs, 
the  diftances  marked  i,  2,  3,  4,  5,  &c.  in  fig.  8.  would  corre- 
fpond  to  the  fubdivifion  marks,  6,  i*,*  18,  24,  30,  &c.  in  fig,  7. 

M.  Roemer  has  not  demonftrated  the  truth  of  this  conftruc- 
tiort:  but  it  may  be  eafily  (hewn  thus:  Let  %u  be  the  weight  of 
thq  balance  and  knob,  and  W  that  of  the  body  which  is  to  be 
afgsrtained  by  the  in{|;rument.  Then,  when  the  point  of  fuf-  . 
penfion  is  that  marked  i>  fig.  8.  we  have  in  the  triangles  AB  k 
t  CE,  the  fides  AB  and  CE  equal,  alfo  angle  BA  i  =  i.  C  J^^ 
and  B  I  A  =  E  I  Ci  therefore  thtfe  triangles  are  both  equi- 
angular and  equilaterali  confequently,  A  i  =  i  C,  and  by  the 
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natures  of  the  lever,  and  the  centre  of  gravity  W=f(;«  Again,  Sh 
like  manner  when  the  point  of  fufpenfion  is  2,  the'triangles  AB  2, 
2CF,  are  equiangular ;  and  fince  FC=2  AB,  we  have  €2= 
2  A  2,  and  w  =2fi;.  So  alfo  the  triangles  AB  3,  3  CG,  are 
^niangular;  whence  becaufe  CG  =  3  AB,  €3  =  3  A  3,  and 
W=3  tv*    And  fo  on,  through  the  whole  divifion. 

This  balance  has  been  defcribed  more  on  account  of  its 
cufiofity  than  a£kual  utilitv:  for  in  afcertaining  large  weights 
It  would  be  extremely  cumoerfome  and  difficult  to  manage.  la 
the  determination  01  weights  not  exceeding  twenty  or  thirty 
pounds,  it  might,  however,  be  rendered  very  manageable:  for  it 
oiisht  be  about  die  length  of  an  excifeman's  rod,  or  a  walking 
(tide,  having  a  knob  of  lead  at  one  end;  and  in  this  cafe  the 
divifions  near  the  knob  might  be  fo  numerous  as  to  enable  ^ 
perfon  to  weigh  accurately  to  quarters  of  pounds,  if  not  to 
ounces:  the  rod  might  be  moved  to  and  fro  upon  a  chair-back^ 
or  the  edge  of  a  treflel;  and  thus  this  inftrument  might  often 
be  more  conveniently  ufed  than  a  fpring  fteelyard. 

Balance  of  a  Clock  or  Watcb^  is  that  part  which,  by  its  motiont 
aresulates  and  determines  the  beats.  The  circular  part  of  it  is 
caBed  the  nm,  and  its  fpindle  the  verge;  there  belong  to  it 
alfo  two  pallets  or  nuts,  that  play  in  the  fangs  of  the  crowof* 
wheel:  in  pocket  watches  that  ftrong  ftud  in- which  the  lower 
ptfot  of  the  verge  plays,  and  in  the  middle  of  which  one  pivot 
of  tfa^  crown-wheel  runs,  is  called  the  potence :  the  wrought 
piece  which  covers  the  balance,  and  in  which  the  upper  pivot 
of  the  bahnce  plays,  is  the  coch\  and  the  fmall  fpring  in  tht 
new  pocket  watches  is  called  the  regulator* 

The  motion  of  a  balance,  as  well  as  that  of  a  pendulumt 
.being  reciprocating,  while  the  preflure  of  the  wheels  is  con« 
ftanuy  in  one  cUreSion,  it  is  obvious  that  fome  art  must  be  ufed 
to  accommodate  the  one  to  the  other.  When  a  topth  of  the 
wheel  has  given  the  balance  a  motion  in  one  direction,  it  muft 
quit  it,  that  it  may  get  an  impulfion  in  the  oppofite  dire{%ion. 
The  balance  or  pendulum  thus  efcaping  from  the  tooth  of  the 
wheels  or  the  tooth  efcaping  from  the  balance,  has  given  to  the 

Eeneral  conftru&ion  the  name  of  fcapement  among  our  artift^. 
ee  SCAPEMENT. 

Some  of  the  moft  important  propofitions  relative  to  watch 

balances  may  be  concifely  ftated  as  follows:  i.  The  balance  <^f 

.a  watch  is  analogous  to  the  pendulum  in  its  properties  and  ufe^ 

The  fimple  balance  is  a  circular  annulus,  equally  heavy  in  aU 

^its  parts,  and  concentrical  with  the  pivots  of  the  axis  on  which 

it  i€  mounted*    This  balance  is  moved  by  a  fpiral  fpring  callc4 

thie  balance  fpring,  the  invention  of  Mr.  Hook* 

2c  The  peadqlunt^ireqiiires  a  lefs  maintaining  power  tlian 
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die  balance.  Hence  the  natural  ifochronifm  of  the  peaduluihl 
18  lefs  difturbed  by  the  relatively  fmall  inequalities  of  die  inaih« 
faining  power. 

3.  Tne  elaftic  force  of  the  fpring  which  impels  the  circum*^ 
ference  of  die  balance  is  dire^ly  as  the  tenfion  of  the  fpring  % 
that  is,  the  weights  neceflary  to  counterpoife  a  fpiml  fpring's 
elaftic  force,  when  the  balance  is  wound  to  diflerent  diftances 
from  the  qutefcent  point,  are  in  the  direA  ratio  of  the  aorcs 
through  which  it  is  wound. 

4.  The  vibrations  of  a  balance,  whether  through  great  or 
finall  arcs,  are  performed  in  the  fame  time.  For  the  accekrat** 
ing  force  is  direfily  as  the  diftance  from  the  point  of  quin^ 
efcence:  hence,  therefore,  the  motion  of  the  balance  is  analo» 
gous  to  that  of  a  pendulum  vibrating  in  cycloidal  arches  (vol.  i^ 
mrti  276.) 

5.  The  time  of  the  vibration  of  a  balance  is  the  fame  as  if  a 
quantity  of  matter,  whofe  inertia  is  equal  to  that  by  which  the 
niafs  contained  in  the  balance  oppofes  the  communication  of 
motion  to  the  circumference,  defcribed  a  cycloid  whofe  length 
is  equal  to  the  arc  of  vibration,  defcribed  by  the  circumference^ 
die  accelerating  force  being  equal  to  that  of  the  balance, 

6.  The  times  of  vibration  of  different  balances  are  in  a  ratio 
compounded  of  the  dired;  fubduplicate  ratios  of  their  woight^ 
*and  femidiameters,  and  the  inverfe  fubduplicate  rdtfD  of*  the 
tenfions  of  the  fprings,  or  of  the  weights  which  counte^ife 
'dem,  when  wound  through  a  given  angle.  •'^ 

7.  The  times  of  vibratibn  of  different  balances  are  in  a  ratio 
compounded  of  the  direct  fimple  ratio  of  the  radii  and  dire& 
fubduplicate  ratio  of  their  weights,  and  the  inverfe  fubduplieate 
ratio  of  the  abfolute  forces  of  the  fprings  at  a  given  tenfion. 

8.  Hence  the  abfolute  force  of  the  balance  fpring,  the  di- 
iameter  and  weight  of  the  balance  being  the  fame,  is  inveriely 
Us  the  fquare  of  the  time  of  one  vibration. 

9.  The  abfojute  force  or  ftrength  of  the  balance  fpring,  the 
'time  of  one  vibration,  and  the  weight  of  the  balance  being  the 

fame,  is  inveriely  as  the  fquare  of  the  diameter.  ^ .  i 

10.  The  weight  of  the  balance,  the  ftrength  of  die  fpring 
;  and  time  of  vibration  being  the  fame,  is  inverfely  as  the  fquare 
'df  the  diameter. 

Hence,  a  large  balance,  vibraring  in  the  fame  time  with  the 
'  fame  fpring,  will  be  much  lighter  than  a  frtiall  one. 

I J .  If  the  rim  of  the  balance  be  always  of  the  fame  breadth 

and  thickncfs,  fo  that  the  weight  fliall  be  as  the  radius,  the 

ilrength  of  the  fpring  muft  be  as  the  cube  of  the  diameter  ^ 

'  the  balance,  diat  die  time  of  vibratita  may  ccmtimie  t^ie  ikme« 
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1 2.  The  moitteatum  of  the  balance  U  increafed  better  by  Itt* 
creating  its  diameter  than  its  weight. 

13.  The  longer  a  detached  balance  continues  its  motion  the 

DCttCf* 

14.  The  greaterthennmberof  vibrations  performed  by  abalance 
ta  a  given  time,  the  lefs  fufceptible  is  it  of  external  agitations. 

15.  Slow  vibrations  are,  to  a  certain  extent,  preferable  to 
qQick  vibrations:  bat  there  is  manifeftly  a  limit}  for  if  the 
vibrations  be  too  flow,  the  watch  will  be  liable  to  ftop. 

16.  A  balance  fhould  defcribe  as  large  arches  as  poffiblej  a$ 
fuppofe  240°,  260°,  300%  or  an  entire  circle. 

Firft,  becaufe  the  momentum  of  the  balance  is  thus  increafed  j 
and  therefore  the  inequalities  in  the  force  of  the  maintainingr 
power  bear  a  lefs  proportion  to  it,  and  of  confequence  will 
have  lefc  influence.  2dly.  The  balance  is  lefs  fufceptible  of  ex- 
ternal agitations.  3dly.  A  given  variation  in  the  extept  of  the  vi- 
brations produces  a  lefs  variation  in  the  going  of  the  machine* 

But  care  mull  be  taken  that  in  the^  great  vibrations,  the 
ipring  flia}!  neither  touch  any  obftacle,  nor  its  fpires  touch 
^ach  other  in  contracting. 

17.  ITie  time  gf  the  vibration  of  the  balance  is  increafed  by 
heat,  and  diminifhed  by  cold.  Firfl:,  becaufe  the  length  of  the 
fpiral  fpring  is  increafed  by  heat,  and  therefore  its  force  di« 
miniflbed;  and  the  contrary  by  cold.  adiy.  The  diameter  of 
the  balance  is  increafed  by  heat,  and  therefore  alfo  the  time  of 
vibration ;  and  the  contrary  by  cold. 

18.  That  balance  is  the  moft  perfefl  which,  without  the 
^fcompenfation  of  a  thermometer,  is  mofl:  fubjed:  to  the  influr 
ence  of  heat  and  cold.  Becaufe  the  obftru(^ions  from  oil  and 
fri£^ion  a6i  as  a  compenfation  to  the  expanflon  or  contradioa 
pf  the  fpring  and  balance ;  therefore  that  balance  which  is  moi^; 
aflFefied  is  moft  free  from  the  influence  of  oil  and  fri£l:ion. 

19.  The  errors  in  the  going  of  a  watch,  arifing  from  th^  ^ 
change  of  temperature,  may  be  correded  by  varying  the  length 
of  the  balance  fpring.  Neverthelefs,  as  it  is  extremely  difficult 
to  form  an  ifochronal  fpiral,  any  variation  in  its  length  is  danger- 
pus,  becaufe  we  (hall  thus  probably  lofe  that  point  which  de- 
termines its  ifochronifm. 

26.  The  errors  in  the  going  of  a  watch,  occafioned  by  the 
variation  of  temperature,  may  be  correfted  by  varying  the  di- 
ameter of  the  balance. 

This  may  be  effe£led  by  a  peculiar  contrivance  which  has 
obtained  the  name  of  the  expanjion  halance^  being  compofed  of 
^wo  diflferent  metals  which  poflefs  different  degrees  of  ex- 
panfibility,  as  brafs  and  fteel^  for  inftance  \  of  which  two  meulj 
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.k  bas  beca  obfisnredy  diat  the  increafe  of  dtmenflons  by  ex- 

fsmfion,  in  like  elevations  of  temperature,  is  nearly  as  a  to  i* 
or,  according  to  Mr.  Sxneaton's  experiments  (vol.  489  PhH. 
Trans.))  the  correfponding  ezpanfions  of  hard  fteel  and  brafs 
wire  are  as  147  and  232,  ihe  expanfions  being  occafioned  by  a 
change  from  a  medium  temperature  to  that  of  180"  of  Fahren- 
heit'} thermometer.  One  of  the  mod  approved  conftrudfcions 
of  an  expanfion  balance,  is  exhibited  in  plate  VII.  and  is  thus 
defcribecLby  Mr.  Nicholfon^  The  outer  part  of  the  rim  is  brafs^ 
and  the  inner  (leeL  After  this  compound  rim  is  brought  to  its 
fisure  by  turning,  it  is  cut  through  in  three  places,  A^  &,'&» 
which  fets  one  end  of  each  third  part  of  the  periphery  at  liberty 
to  move  outwards,  when  the  temperature  is  diminiihed,  or  in- 
wards when  it  is  increafed.  D,  £,  F,  are  three  fimilar  and  equal 
maffes  of  metal,  fitted  upon  the  circular  bars*  in  a  proper  manner 
to  admit  of  their  being  fixed  at  any  required  diftance  from  the 
extremity,  where  the  motion  is  moft  confiderable.  G,  H,  I,  are 
three  fcrews,  the  heads  of  which  may  be  fet  nearer  to,  or  further 
from,  the  centre,  and  ferve  as  weights  to  effect  the  adjuftments 
for  pofition  and  rate.  The  peculiar  advantage  of  this,  balance 
may  be  explained  as  follows :  when  an  increafe  of  heat  di- 
miniihes  the  elaftic  force  of  the  pendulum  fpring  E,  the  outer 
brafs  rim  being  lengthened  more  than  the  Reel,  mud  throw  the 
weights  D,£,F,  nearer  to  the  axis,  and  diminifli  the  effect  of 
the  inertia  of  the  balance,  which  confequently  is  as  fpeedily 
carried  through  its  vibration  as  before.  And  on  the  contrary) 
when  cold  weather  adds  to  the  elaftic  force  of  the  fpring,  the 
.lame  weights  are  alfo  thrown  further  out,  and  prevent  the  ac- 
celeration which  would  have  followed.  The  exa^  adjuftmeilt 
of  the  weights  is  found  by  trial  of  the  going  of  the  machine  : 
if  it  gain  by  heat,  the  weights  do  more  than  compenfate,  and 
tnuft  be  moved  further  from  the  extreme  ends  of  the  eircular 
compound  bars ;  but  if  the  gain  be  produced  by  cold,  the  fpring 
predominates,  and  the  weights  wiU  accordingly  require  tb  be 
iet  further  out. 

BARK-MILL,  a  mill  conftru£):ed  for  the  purpofe  of  grinding 
and  preparing  bark,  till  it  is  fit  for  the  ufe  of  a  tanner. 

Bark*mills,  like  moft  other  mills,  are  worked  fometimes  by 
means  of  horfes,  at  others  by  water,  and  at  others  by  wind. 
One  of  the  beft  mills  we  have  feen  defcribed  for  thefe  purpofe^ 
is  that  invented  by  Mr.  Bagnall,  of  Worfley  in  Lancafliire  :  this 
machine  will  ferve  not  only  to  chop  bark,  to  grind,  to  riddle 
and  pound  it ;  but  to  beam,  or  work  green  hides  and  (kins  ont 
.of  the  maftering  or  drench,  and  make  them*  ready,  for  the  oufe 
or  bark  liquor;  to  beam  flieepikins  and  other  (kins  for  the 
flumier's  ule;  and  to  fcour  and  uke  off  the  bloom  from  tanned 
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ieaAec^  yighm  hi  the  cnnying  ftate.  The  lialfofe  knd  cefisee- 
don  of  the  different  parts  of  this  contrivance  nxay  be  uhdeb- 
ftood  from  the  three  figures  on  the  right  •>'hand  fideof  plate  VIL 
together  with,  the  following  defcription. 

'Fig^.i.  is  a  horizontal  plan  of  the  mill.  Fig.'ftw  loagitudkiaL 
fe£Uoa  of  it*    Fig.  3.  tianfoerfe  fe£Hon  of  it.  -     •  '^ 

.  At,  The  water-wheel,  by^  which  the  whole  machinery  m 
^worked. 

B,  The  (hafts.  -  ' 

C»  The  pit-wheel,  which  is  fixed  on  the  water-wheel  ihaft  B, 
land  turns  the  upright  fhaft  £,  by  the  wheel  F,  and  works  the 
cutters^  and  hammer  by  tapets* 

D,  The  fpur  and  bevil-wheel  at  the  top  of  upright  (halts. 

E,  The  upright  (haft. 

V    F»  The  crown-wheel,  which  works  in  the  pit-wheel  C. 
G>  The  fpur-nut  to  turn  the  ftones  I*  > 

P,  The  beam,  with  knives  or  cutters  fixed  at  the  end  to  chop 
pr  cut  the  bark;  which  bark  is  to  be  put  upon  the  cutters  or 
(grating  /,  oh  which  the  be^m  is  to  fall. 

-:•  Q^The  tryal  that  receives  the  bark  from  the  cutters  i,  and 
t^opveys  St  into  the  hopper  H,  by  which  it  defcends  through  the 
ihoe  J  to  the  ftones  1,  where  it  is  ground. 
.,  K,  The  fpout,  which  receives  the  bark  from  the  ftonesi  an4 
conveys  it  into  the  tryal  L^  which  tryal  is  wired  to  £ft  or  dreft 
iiu^  bark,  as  it  defcends  from  the  ftones  I. 
i  M>'The  trough  to  receive  the  bark  that  pafles  through  the 
tryal  L. 

i:  £U  The  hammer,  to  crufli  or  bruife  the  bark  diat  falls  into 
ihe  diih  S,  which  faid  difh  is  on  the  incline,  fb  that  the  hammct 
k^9  forcing  it  out  of  the  lower  fide  of  the  faid  difli,  when 
i^iruifed. 

^.  .iy  A  trough  to  receive  the  duft  and  mofs  that  pafite  through 
Ac  tryal  Q. 

: ;  T,  -i  be  oeyi^wbeel,  that  works  in  the  wheel  D,  whicll 
ivorks  the  beam-knife  by  a  crank  V  at  the  end  of  theifhaft  w  '-' 
^Wi  The  penetrating  rod*  wliich  leads  from  the  crank*  Y  to 
|hc  ftart.;^.    .J    .  ,  ^        .  ■•..■> 

:  x^  The  Aart)  which  has  feveral  holes  in  it  to  lengthen  or 
IhotteOi.thc.ftrc^e.of  the  beam-knife.      •.  ■    ^- ' 

.'   jr«. The  fbaCt,. to  which  the  Aide  rods  b^i^  are  fixed by.tfad 

.  ii'Xh^  Aid^^rodi; on. which  the  knife/is fibced.; !^priuefa  kntft 
uio  i^fprkth^  hide^,  &c»  ,  O^  the  knife  are  tiwo  fprings  a^di^t^ 
kt  ft  havfi,»  little  phf  as.  it  makes  its  ftrokeJbackwirds  andfm 
INsardsifp  fth$t  icm^y  |iottfcr^tch;or  damage  the  hides^  &rc.'<^>r 
..9jJ%#  catch  iailide>n)d^>iwbichi«attditsaan<tha.APoh-kead<«3 


«nd  the  fiiid  arch-lsead  conveys  the  knife  ^acl  widio^  touching 
the  htdcy  and  then  falls  back  to  receive  the  catch  again.  < 

/,  The  roller  to  take  up  the  flide-rod  h^  while  the  huies  ^ 
fhifting  on  the  beam  h  by  pulling  at  the  handle  m.  j 

^1  'rhe  b:am  to  work  the  hides,  &c.  on.  Each  beam  has  four 
wheels  /,  Pt  working  in  a  trough  road  gj  g^  and  removed  by  the 
levers  c^'c.  When  the  knife  has  worked  the  hide,  &c«  fuff- 
ficiently  in  one  part,  the  beam  is  then  (hifted  by  tlie  lever  r  as 
far  as  is  wanted. 

.     </,  A  prefs,  at  the  ui3per  end  otthe  beam^  to  hold  the  hide 
faft  on  the  beam  while  working.  ..% 

ff  An  arch  head,  on  which  the  flide*-rod  h  catches. 

/t  The  knife  .fixed  on  the  flide-rod  ^,  to  work  thehtdes,  &C. 

iy  Cutters  or  grating  to  receive  the  bark  for  chopping. 

The  beam  P,  with  knives  or  cutters,  may  either  be  worked  br 
^pers,  as  defcribcd,  or  by  the  bevil-wheel  T,  with  a  crank,  as  "Vp 
to  cut  rhe  fame  \s  (hears. 

The  kn'fey  is  fixed  at  the  bottom  of  the  ftart,  which  is  fixed 
on  the  Hide  rod  i\  the  bottom  of  the  ftart  is  fplit  open  tp 
admit  the  knife,  the  width  of  one  foot;  the  knife  (hould  have 
a  gudgeon  at  each  end,  to  fix  in  the  open  part  of  the  ftart;  and 
the  two  fprings  a^  a,  prevent  the  knife  from  giving  too  much 
^ay  when  working ;  the  knife  fliould  be  one  foot  long  and  lour 
"Or  five  inches  broad. 

The  arch-head  e  will  (hift  nearer  to,  or  further  from,  the  beam 
1^1  and  will  be  fixed  fo  as  to  carry  the  knife  back  as  far  as  ii^ 
wanted,  or  it  may  be  taken  away  till  wanted. 
-  Hie  roller  /  is  taken  up  by  pulling  at  the  hzndle'm,  which 
takes  up  the  flide-rod  fo  high  as  to  give  head*room  under  the 
J>eam- knife.  The  handle  may  be  hung  iipon  a  hook  for  ths& 
purpofe.  The  flide-rod  will  keep  running  upon  die  roller  a9 
the  time  the  hide  is  fliifting ;  and  when  the  hide  is  fixed  the 
knife  is  put  on  the  beam  again  by  letting  it  down  by  the  handle 
m*  There  may  be  two  or  more  knives  at  work  on  one  beam  at 
fhe  fame  timcj  by  having  different  flide-rods.  There  fliould  be 
•two  beams,  fo  that  the  workmen  could  be  fhifting  one  hide,  &^c« 
while  the  other  was  working.  The  beam  muft  be  flat,  and  t 
little  on  the  incline.  As  to  the  breadth  it  does  not  matter;  the 
'  broader  it  is  the  lefs  fliifting  of  the  hides  will  be  wanted,  as  the 
lever  c  will  fhift  them  as  far  as  the  width  of  the  hide,  if  required. 
Mr.  Bagnall  has  formed  a  kind  of  prefs  J,  to  let  down,  by  t 
lerer,  to  hfAd  the  hide  faft  on  each  fide  of  die  knife  if  required^ 
iTo  th^t  it  will  fuflfer  the  knife  to  make  its  back  ftroke  without 
jrnUing  the  hide  up  as  it  comes  back.  The  flide-rod  may  be 
weighted,  to  canfe  the  knife  to  lay  (trefs  on  the  hide,  &c.  ae« 
cor&ig  to  the  kmd  and  conditioa.  of  the  goodft  to  be  worked. 
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Hides  and  Ikins.  for  the  ikinaer's  ufe  aufi  worked  in  the  fame 
way  as  for  the  tanners. 

Scouring  of  tanned  leather  for  the  currier's  ufe  will  be  done 
on  the  beam,  the  fame  as  working  green  hides.  It  is  only 
taking  the  knife  ^waj,  and  fixing  a  ftone  in  the  fame  manner 
as  the  knife  by  the  laid  joint,  and  to  have  a  brufh  fixed  to  gp 
either  before  or  after  the  ftone.  The  leather  will  be  better 
fecured  this  way  than  by  hand,  and  much  fooner. 

The  whole  machinery  may  be  worked  by  water,  wind,  fteam* 
or  any  other  power.  And  that  part  of  the  machinery  which 
rchtes  to  the  beaming  part'^of  the  hides  may  be  fixed  to  any 
horfe  bark-mill,  or  may  be  worked  by  a  horle  or  other  power 
feparately. 

•  BARKER'S  MILL  is  a  kind  of  water-mill,  invented  by  Dr. 
Barker,  which  without  cither  wheel  or  trundle  performs  the 
bperation  of  grinding  com.  This  mill  is  reprefented  in  fig.  j, 
pi.  IV.  in  which  A  is  a  pipe  or  channel  that  brings  water  from 
»  refervoir  to  the  upright  tube.  The  water  runs  down  the 
tube,  and  thence  into  the  horizontal  trunk  C,  which  has  equal 
arms;  and,  laftly,  runs  out  through  holes  at  </and  ^,  opening  on 
/contrary  fides  near  the  ends  of  thofe  arms.  Thefe  orifices  dy  e^ 
liave  Aiders  fitted  to  them,  fo  that  their  magnitude  may  be  in^ 
creafed  or  diminiflied  at  pleafure. 

The  upright  fpindle  D  is  fixt  in  the  bottom  of  the  trunks 
and  fcrewed  to  it  below  by  the  nut  g ;  and  is  fixt  into  the  trunk 
1>y  two  crofs  bars  at^:  fo  that,  if  the  tube  B  and  trunk  C  be 
turned  round,  the  fpmdle  D  will  be  turned  alfo. 

The  top  of  the  fpindle  goes  fquare  into  the  rynd  of  the  upper 
mill-ftone  H,  as  in  common  mills ;  and  as  the  trunk,  tube,  and 
fpindle,  turn  round,  the  mill'ftone  is  turned  round  thereby.  The 
lower  or  quiefcent  mill-ftone  is  reprefented  by  I;  and  K  is  the 
floor  on  which  it  refts,  in  which  is  the  hole  L  to  let  the  meal  run 
through,  and  fall  down  into  a  trough  which  may  be  about  M. 
The  hoop  or  cafe  that  goes  round  the  mill-ftone  refts  on  the 
floor  K,  and  fupports  the  hopper,  in  the  common  way.  The 
lower  end  of  the  fpindle  turns  in  a  hole  in  the  bridge-tree  GF, 
which  fupports  the  mill-ftone,  tube,  fpindle,  and  trunk.  This 
tree  is  moveable  on  a  pin  at  hy  and  its  other  end  is  fupported  by 
an  iron-rod  N  fixed  into  it,  the  top  of  the  rod  going  througn 
the  firft  bracket  O,  and  having  a  fcrew-nut  o  upon  it,  above  the 
bracket.  By  turning  this  nut  forwai;d  or  backward,  the  n^iil- 
ftone  is  raifed  or  lowered  at  pleafure. 

Whilft  the  tube  B  is  kept  full  of  water  from  the  pipe  A,  and 
the  Mrater  continues  to  run  out  from  the  ends  of  the  trunk;  the 
upper  mill-ftone  H,  together  with  the  trunk,  tube,  and  fpindle^ 
turn  round.  But  if  the  holes  'm  the  trunl^  were  ftoptj  no  motl9Q 


'      Barker^  s  Mill.  101 

lirould  enfae$  even  though  the  tube  and  trunk  were  full  of 
water.  For,  if  there  were  no  hole  in  the  trunk,  the  preflure  of 
the  water  would  be  equal  againft  all  parts  of  its  fides  within. 
Biit  when  the  water  has  free  egrefs  through  the  holes,  its 
preflutc  there  is  entirely  removed:  and  the  preflure  againft  the 
parts  of  the  fides  which  are  oppofite  to  the  holes  turns,  the 
machine. 

Mr.  James  Rumfey,  an  American  gentleman,  has  rather  im^ 
proved  this  machine,  by  conveying  the  water  from  the  refervoir, 
not  by  a  pipe  as  ADB,  in  great  part  of  which  the  fpindle  tums» 
but  by  a  pipe  which  defcends  from  A,  without  the  frame  LN^ 
till  it  reaches  as  low,  or  lower^  than  G;  and  then  to  be  convey* 
cd  by  a  curvilinear  neck  and  collar  from  G  to  g,  where  it  enters 
the  arms,  as  is  ihewn  by  the  dotted  lines  at  the  lower  part  of 
the  figure.  A  like  improvement  was  made  by  M.  Segner^  a 
Carman. 

Moft  of  the  authors  who,  have  attempted  to  lay  down  the 
theory  of  this  mill  have  fallen  into  error :  the  moft  ingenioun 
theory  we  have  yet  feen  is  by  Mr.  JP^tn*  Waring  (given  in  the 
American  TranfaEltons^  vol.  iii.) ;  which,  with  fome  fuch  cor- 
refiions  as  appeared  necefiary  to  adapt  his  rules  to  practical 
purpofes,  is  nearly  as  follows : 

1.  The  fir  ft  enquiry  relates  to  the  magnitude  of  the  pipe  which 
conveys  the  water  from  the  refervoir  to  the  centre  of  the  hori- 
zontal tube  e  d^  at  g.  To  this  end,  let  A  =:  the  area  of  the 
orifice  by  which  the  water  is  admitted  at  ^ ;  £  =  the  perpen- 
dicular height  of  the  furface  of  the  water  in  the  refervoir  above 
>;</=:  the  vertical  depth  of  any  horizontal  fef^ion  of  the  pipe 
below  the  fame  furface  ;  S  =  the  furface  or  area  of  the  hori- 
zontal fedion  of  the  pipe,-  at  the  depth  d.  Then  fince  the 
areas  in  the  feveral  parts  of  the  pipe  mould  be  inv^rfely  as  the 
Velocities,  and  the  velocities  (art.  439,  cor  2.  vol.  I.)  are  in  the 
fubduplicate  ratio  of  the  depths  below  the  head,  thofe  areas 
muft  be  inyerfely  in  the  fubduplicate  ratio  of  the  depths;  confe- 

<juently,^=-^,  and  S  =  A    /-j.    So  that  the  pipe  muft 

have  its  bore  increafed  from  the  level  of  g  upwards  in  the  ratio 

of  I  to   /^>  and  if  a  fedion  in  any  part  be  lefs  than  would 

be  affigned  by  this  ratio,  the  water  will  be  obftru£led  in  it* 
paflage. 

2.  Of  the  initial  force  with  which  the  tnachine  commences  its 
motion.  If  we  conceive  the  water  preOing  in  the  tube  from  g 
towards  e,  previous  to  the  opehing  of  the  aperture,  there  will 
.cianifeflly  be  no  motion  occafioned;  becaufe  the  forces  on  the 
jpppofite  fides  of  the  tube  balance  eacb  ptheri  mi  the  foros 
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9gainft  the  end  C  is  reCfted  by  the  fixed  axle  D  gy  or,  if  wc 
confider  both  ^rmS)  it  is  balanced  by  the  equal  force  a£ting  upon 
the  equal  end  at  d^  in  an  oppofite  diredion.  But  if  one  of  tlie 
apertures,  as  d  (its  area  being =/7),  is  opened,  the  preflure  upon 
that  portion  of  the  tube  is  taken  away,  and  the  equal  and  oppofite 
preffure  upon  an  equal  portion  of  the  contrary  fide  of  the  tube, 
^ving  now  nothing  to  keep  it  in  equilibrio,  tends  to  move  the 
arm  C  g  about  the  axis  D  ^:  in  like  manner  when  the  aperture  « 
(arfo=^)  is  opened,  the  preflure,  which  was  previoufly  counter- 
Balanced  by  the  oppofite  preflure  on  the  orifice  ^,  now  exerts  its 
tendency  to  produce  a  rotatory  motion  about  the  axis  D  ^  .*  fo 
that  combining  together  the  tSt&^  of  both  thefe  unbalanced 
prefiiires,  and  confidering  that  the  preflure  of  water  upon  any 
point  is  proportional  to  the  depth  of  that  point  below  the 
«ppeT  furface  of  the  fluid,  we  {hall  have  2ah%Uy  for  the  forc6 
which  caufes  the  rotatory  motion  to  commence*,  the  values  of  ^i. 
and  £  being  taken  in  feet,,  and  w  reprefenting  627lbs.  avoirdupois^ 
the  weight  of  a  cubic  foot  of  water.  But  as  the  velocity  of 
votation  increafes,  the  preflure  depending  upon  the  relative 
velocities  of  the  water  and  the  fides  of  the  tube  dimini{he% 
and  confequently  the  power  is  diminiflied,  notwithftanding  what 
is  gained  by  that  which  we  now  proceed  to  confider.    .    . 

J.  The  centrifugal  force.  This  may  be  found  in  a  fimilar 
manner  to'  that  which  w^s  adopted  when  confidering  the  theory 
of  the  centrifugal  pump  (art.  537,  voL  i.).  Thus,  if  befides  the 
preceding  notation  we  take  /for  the  length  of  each  arm  g'i^ 
ge,  t'for  the  time  of  rotation,^  for  32-^-  feet,  the  meafure  of  the 
force  of  gravity,  and  tt  for  3*14 1 593  ;  fince  a  is  the  fediion  of  the 
flowing  water  at  right  angles  to  its  motion,  we  (hall  have,  by 

proceeding^as  in  the  article  juft  referred  to, -^—  =  the  length 
of  a  colamn  of  water,,  whofe  prefllire  is  equal  to  the  cent^ug^l 

force,  or  ^  '  ''^^    =  7670625  ^the  weight  of  a  column  of 

water  in  lbs.,  which  is  equivalent  to  the  centrifugal  force  of  the 
fluid  in  both  arms.  And  this  is  equivalent  to  the  augm^njtattoh 
^  power  at  ihe  apertures,  becaufe  fluids  prefs  equally  ir^  ^1 
directions. 

V  4.~Sl>e  ifiirtia  ^A&tf^i/irf^'grcatlycoumera6ki\heefie{>s<)f'fltfc 
centrifugal  force.  The  inertia  of  the  rotatory  tube  with  the 
contained  fluid  would  not  continue  to  refift  the  moving.  poVer 
aftewhd  velocity  became  uniform,  were"  the  fame  fluid  fetdiiitid 
in  it  as  was  in  it  when  the  motion  was  firft  imparted :  but  as 
this  paflfes  off,  and  there  is  a  continual  fucceflion  of  new  matter 
aoquirifig  a  motion  in  the  dire&ion  of  the  rotatory,  there  muft 
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be  a  conftant  re-afiion  ags^nft  fhe  fided  of  the  tube,  equal  to 
communicating  force.  Now  this  re-a&ion  is  very  different 
from  that  of  a  fluid  confined  in  the  tube,  when  it  fueglns  to 
movcf  becaufe  a  particle  at  the  extremity  of  the  tube  is  not  to  re^ 
ceive  its  whole  circular  motion  there,  but  gradually  acquires  H 
by  a  uniform  acceleration  during  its  paflage  along  the  tube: 
fo  that  we  muft  here  enquire  what  force  will  give  to  the  quantity 

of  water  alwyin  the  time  —  of  its  paiEng  through  itsrefpect* 

ive  horizontal  arm,  the  velocity  ^^f  in  the  dire£Hon  of  tho 
aperture.  Managing  this  according  to  the  rules  given  for  forces 
in  the  Dynamics,  we  fliall  have  — -^ x  — - —  =  19*687^ 

^,  for  the  refiftance  in  lbs.  oppofed  to  each  arm,  fucfa  relift* 

«• 
ance  being  eftimated  as  if  accumulated  at  the  diftance  i  I  from 

the  centre  of  motion. 

5.  Acquired  velocity  of  the  water ,  According  to  the  theory  of 
Hydraulics,  the  velocity  of  water  ifluing  through  an  aperture  at 
the  depth  h  below  the  upper  furface  of  a  refervoir  is  exprefled 
by  8'02o8v/^,  which  when  reduced,  in  conformity  with  the  ex^ 
periments  of  Boffut  and  others,  becomes  ^\/h  very  nearly;  and 
this  is  the  velocity  of  the  water  paffing  out  of  the  tubes  at  the 

commencement  of  the  rotation.    Then,  as  v  2  a  A  wig  *^b  :^ 
/(a 0hw  +  7670625  ^) :  s  y  (A  +38-353 1^ sS-)  -  S 

j (b  +  •6i36j[  ~^  =  V,  the  acquired  velocity  of  the  water^ 
&  Bjaiio  rftbe  central  force  to  the  inertia*    This  will  be  afccf-r 
tained  by  fubftituting  fpr  v  in  the  ezpreffion  X9*$878  ^^    in 

yaline  jgft  found  j  fo  that  wt  have  98*439  ^  x    /(•61365  -J- 

'^^  for  the  um&if  while  the  centrifn^  force  is  meafured  by 

•» 
^*;962f  /^*.    Now  we  find  that  76^70625 1^  :  9^39  ^  X 
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^l^^f\  very  nearly ;  which  is  the  ratio  of  the  power  gained 

fty  the  centrifugal  force  to  the  obftruGion  arifing  from  inertia; 
Whence  it  appears  that  the  latter  is  greater  than  the  formei'^ 
except  when  /=o,  A=o,  or  /=  co,  cafes  never  occurring  in  prac- 
tice; and  that  the  longer  the  arms>  the  lefs  the  fall  of  water,  and 
the'greater  the  velocity  of  rotation,  the  nearer  thefe  forces  ap- 
proach to  the  ratio  of  equality. 

6.  Adjuflment  of  the  parts  and  motion.  Here  it  muft  be  par- 
ticularly obferved,  that  the  eentrifugal  force  fliould  not  exc6e4 
the  gravity  of  the  water  revolving  in  the  arms  gd^ge;  for  in 
that  cafe  the  water  would  be  drawn  into  the  tube  fafter  than  it 
could  be  naturally  fuppiied  at  its  entrance,  by  the  velocity 
proper  to  that  depth,  and  of  confequence  a  vacuum  muft  be 
occafioned:  nor  fliould  the  velocity  of  the  apertures  be  greater 
than  half  that  of  the  water  through  them ;  for  the  apertures 
being  ftill  adapted  in  point  of  magnitude  to  the  velocity,  the 
effluent  quantity  or  number  of  a£ting  particles  is  as  the  time, 
the  momentum  is  in  the  fimple  ratio  of  the  relative  velocity,  and 
therefore  (art.  472,  cor.  3,  vol.  i)  the  greateft  effeft  will  bet 
produced  when  the  velocity  of  the  apertures  is  equal  to  half  that 
due  to  the  head  of  water.  Thefe  two  conditions  exprefled  alge- 
braically will  furnifh  the  equations, 

7670625  ^'  =  a  fl/w . . .  .1^  =r  i/b  +  / : 

from  which  equations  we  deduce  the  following,  - 

Ch  =  9*29345  /  ^  1 5' 1446/* 
via.  <l^  1-6296/^  ^•1076^ 

(^t  =  \/'6i365/=:  -/ '06603  A 
W^eiic^  it  appc9r9  that  £,  /,  and ./%  are  nearly  tn  the  copftant 
ratio  of  15,9^1  and  i. 
Still  it  fliould  be  obferved  that  while  /  and  t  are  preferved  in 

z  conftant  rsuiq,  the  values  of  76'7o6a5  ~,  andof  .U'gt73ii!, 

i.  e.  of  the  central  force  and  of  the  inertia  muft  remain  the 
fftmeifo  that  the  brachia  may  be  made  of  any  length  at  ^lec^ 
furc  (not  lefs  than  '1076  A)  if  the  time  of  revolution  be  taken 
io  a  correfpOnding  proportion,  or  fo  that  the  velocity  oi.  die- 
apertures  undergo  no  variation,  which  will  he  enfuired  by  ihalu 
ing  t  =  v^ '6 1 365  /:  for  a  double  or  triple  radius,  revolving  ii| 
a  double  or  triple  time,  or  with  half  or  a  thtrd  thf  atngtlkiii  ' 
velocity,  has  the  fame  abfolute  velocity  at  the  extremity;  and^ 
with  the  fam^  power  ther^  applied,  will  produce  thcfiune  e^ft<^^ 
Henoe,     .:•..-  .  .  -"  ^   '  '-   ;■  • 

7.  "Tke  moving  force  and  velocity  of  the  machine^  when  the  effe3 ' 
is  a  maximum^  may  be  found.    For,  if  we  put  '61365  /for  ^, 
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•nd.  9^345  /  for  A,  ia  the  cxpreffion  /^i  +  *j5^if!\  it  be* 

coBses  V^i  -)-  3  =:  2 ;  in  wHch  csSc  die  refiilance  of  inertia  i$ 
juil  double  the  central  force,  or  the  gravity  of  the  water  in  th^ 
tube  =  125  a  I,  which  taken  from  the  impelling  force  leaved  62*j; 
(ah  +  /)  — 125  a /=  62*5^fl  (A— ')  =  55*775  ^ *  Ihs.  avoirdupoii 
^  the  real  moving  force^  at  the  diftance  of  the  centres  of  the 
apertures  from  the  centre  of  motion,  /  being  taken  =  '1076  i^ 

And  by  a  like  fiibftitution  the  velocity  i\/ 1  +  /,  becomes 

iv  1*1076  b  =  2*63205  v'A,  feet  per  fecond. 

8.  Area  cf  tbi  apertures.  If  A  s=  the  area  of  a  fe£^ion  of 
die  race  perpendicular  to  the  dire£tion  of  its  motion,  V  =s  its 
Telocity  per  second,  both  in  feet,  a  and  b  as  before;  then  it 

will  be  AV  =10/1  /  (*+ '6136^—  )  cubic  feet  =  the  quantity 
«f  water  emitted  per  fecond,  by  both  apertures:  hence  a  st 

-  AV      ^  070066  AV^A     the  area  proper  for  one  of   the 
14-2722  v/'*  h  ♦    *^       • 

apertures. 

•From  the  preceding  inveftigation  we  may  deduce  the  follo^^ 
ing 

Eq/j/  praQical  rules. 

1.  Make  each  arm  of  the  horizontal  tube,  from  the  centre  of 
motion  to  the  centre  of  the  aperture,  of  any  convenient  lengthy . 
not  lefs  than  •§■  of  the  perpendicular  height  of  the  water's  furtace 
above  thefe  centres. 

2.  Multiply  the  length  of  the  arm  in  feet,  by  '61365,  and 
take  the  fquare  root  of  the  pTodu£i  for  the  proper  time  of  a  re« 
volution  in  feconds  j  and  adapt  the  other  parts  of  the  machinery 
to  this  velocity:  or, 

3.  If  the  time  of  a  revolution  be  given,  multiply  the  fquare 
of  this  time  by  1*6296  for  the  proportional  lengdi  of  the  arm 
in  feet. 

4.  Multiply  together  the  breadth,  depth,  and  velocity  per 
fecond  of  the  race,  and  divide  the  laft  produft  by  I4'27  times 
the  fquare  root  of  the  height,  for  the  area  of  cither  aperture: 
or,  multiply  the  continual  produft  of  the  breadth,  depth,  and 
velocity,  of  the  race,  by  the  fquare  root  of  the  height,  and  bf 
the  decimal  -07;  the  laft  produft,  divided  by  the  height,  will 
give  the  area  of  the  aperture. 

5.  Multiply  the  area  of  either  aperture  by  the  height  of  the 
bead  .of  water,  and  the  produft  by  55-775  (or  s^  Ihs  ),  for  the 
anovhig  force,  eftimated  at  th^  centres  q{  (he  ap^icurctlt  ia 
po^nda  avoirdupois*. 
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^«  The  {Mnrcr  tnd  Velocity  at  the  apertmes  may  he  etfiljr 
Hduced  to  any  part  of  the  macfaioery,  by  welUkcown  raks. 
.  BAROMETER,  a  well-known  inftrument  for  meafuring  the 
weight  or  preflure  of  the  atmofphere,  and  the  Tariations  thac 
^ppen  therein^  in  order  to  indicate  the  changes  in  the  weather^ 
or  the  changes  in  vertical  dillance  from  any  point  upon  the 
earth's  furface- 

We  (hall  here  defcribe  a  few  of  the  moil  ufefal  conftrufHoDi 
of  the  barometer,  and  (hall  begin  with 

'    Tie  Common  Barometer^    This  is  reprefeated  at  fig.  1.  piat£ 
VII.  fuch  as  it  was  invented  by  TorriceUi.    AJS  is  a  glaiii  tvbop 
of  4^  or  -^  or  -^  inch  wide,  the  more  the  better*  and  about  34 
inches  long,  being  clofe  at  the  top  A,  and  the  open  end  B  iol* 
merfed  in  a  bafm  of  quickfilver  CD,  which  is  the  belter  thf 
wider  it  is.    To  fill  this,  or  any  other  barometer,  take  a  ciean 
new  glafs  tube,  of  the  dimennons  as  above,  and  pour  into  it  well- 
puritied  quickfilver,  with  a  fmall  funnel  either  of  glafs  or  papci^ 
sn  a  fine  continued  dream,  till  it  wantd  about  half  an  inch  or  an 
inth  of  being  full  j  then,  (lopping  it  clofe  with  the  (inger,  invert 
it  (lowly,  and  the  air  in  the  empty  part  will  aCcend  gradually 
to  th^  other  end,  collecting  into  itfelf  fuch  other  fmall  air 
•bubbles  as  unavoidably  get  into  the  tube  among  the  mercunr, 
in  filling  it  with  the  funnel :  and  thus  continue  to  invert  it  (e- 
veral  times,  turning  the  two  ends  alternately  upwards,  till  all 
^e  air  bubbles  are  collected,  and  brought  up  to  the  open  end 
of  the  tube,  and  till  the  part  filled  (hall  appear,  without  fpeck> 
like  a  fine  polifhed  fleel  rod.     This  done,  pour  in  a  little  more 
quickfilver,  to  fill  the  empty  part  quite  full,.aad  fo  exclude  gU 
air  from  the  tube:  then,  (lopping  the  orifice  again  with  the 
finger,  invert  the  tube,  and  immerfe  the  finger  and  end,  thus 
(lopped,  into  a  bafin  of  like  purified   quickfilver*     In  this 
pofition  withdraw  the  finger;  (o  (hall  the  mercury  defcend  in 
the  tube  to  fome  place,  as  H,  betweea  28  and  31  inches  above 
that  iu  the  bafin  at  F,  as  thefe  are  the  limits  between  which 
it  always  (lands  in  this  country  on  the  common  furface  of  thie 
earth*    Then  meafure,  from  the  furface  of  the  quickfilver  in 
the  bafin  at  F,  28  inches  to  K  and  31  inches  to  L,  dividing  the 
fpacc  between  them  into  inches  and  tenths,  which  are  marked 
'on  afcale  placed  againd  the  fide  of  tlie  tube;  and  the  tenths 
are  fubdivided  into  hundredth  parts  of  an  inch  by  a  (tiding 
index  carrying  a  vernier  or  nonius,     Thefe  3  inches,  between 
28  and  3 1,  fo  divided,  will  anfwer  for  all  the  ordinary  purpofea- 
of  a  ftationltry  or  chamber  barometer;  but  for  experiments  on 
altitudes  and  depths  it  is  proper  to  have  the  divifions  carried  on 
a  little  higher  up,  and  a  grtat  deal  lower  down.     In  the  proper 
^ing  and  oth^rwife  fitting  up  of  tlie  barometer|f cveral  circum* 
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ftsinoes.are  io  be  dMPrfiiny  acted;  as^  tha^ti]le  bord  of  tlietutie 
b^  pyettT.widei  toaUow  the  freer  motion  of  the  quiclfilyer, 
wiAcmt beinp  impeded  by  an  adhefion  to  the  fides;  that  thiie 
btfin  below  it  be  alfo  pretty  large,  in  order  that  the  furface  of  the 
mercury  at  F  may  not  fenfibly  rife  or  fall  with  that  in  the  tube; 
that  the  bottom  of  the'tube  oe  cut  off  rather  obliquelv^  fo  that 
wiiea  it  refts  cm  the  bottom  of  the  'bafin  there  mar  be  a  free 
paflage  for  the  quickfilver;  andthat,  tohave  the  quicKfilver  very 
pnn^  it  iff  beft  to  boil  it  ift  the  tube>  which  will  expel  all  the  air 
iitom  it<  This  barometer  is  commonly  fitted  up  in  a  neat  ma* 
btfgany  cafe,  together  with  a  thermometer  and  hygrometer. 

•'•a.  As  die  £(^e  of  variation  is  fmall  in  the  common  baro« 
meter,  being  not  more  than  3  inches,  feveral  contrivances  have 
been  devifed  to  enlarge  the  fcale,  or  to  render  the  motion  of  the 
qbickfilver  more  perceptible.  Among  the  beft  of  thefe  is  th^t 
known  by  die  name  of  Diagonal  Barometer^  and  is  reprefented 
in  fig.  a.  where  ABC  is  a  tube  hermetically  fealed  at  C,  an4 
iinmerfed  in  a  bafin  of  mercury  at  A.  This  tube  is  perpen- 
dicttlar  from  A  to  B,  where  the  fcale  of  variation  begins;  but 
i»  there  bent  into  the  form  BC,  making  an  acute  angle  FBQ. 
'Hits  part  BC  extends  to  the  higheft  limit  in  the  fcale  of  varia- 
tian,  viz.  IC;  and  confequendy  while  the  mercury  rifes  from  E 
io  I,  in  the  common  barometer,  it  will  move  in  this  from  B  tf> 
C,  enlarging  the  fcale  of  variation  in  the  proportion  of  BC  tp 
FB;  that  IS,  of  the  diagonal  to  the  lealb  fide  of  the  para])^ 
Mogram.  ^ 

But  this  barometer  is  attended  with  one  great  inconvenience^ 
which  leflens  its  utility.  Quickfilver  being  a  very  beayy  body, 
and  fupported  on  the  part  BC,  forming  an  inclined  plane,  it 
muft  have  a  very  confiderable  degree  of  fri^ion,  which  will  be 
increafed  in  proportion  as  the  part  BC  is  more  oblique;  and 
confequently  the  very  fmall  and  nice  variation  of  the  air's 
preffure  cannot  he  fo  accurately  indicated  in  this  as  in  the 
'  common  form.  It  alfo  very  often  happens,  from  the  inclina- 
tion of  the  part  BC,  that  the  quickfilver  divides  into  feveral 
Sarts,  and  thence  frequently  requires  the  trouble  of  re-filling 
le  tube.  This  barometer  was  invented  by  Sir  Samuel  More- 
land. 

"  3.  Caflini  invented  another  kind  of  barometer,  in  order  to 
enlarge  the  fcale  of  variation ;  an  invention  which  was  after- 
wards completed  by  M.  John  Bernoulli.  It  confifts  of  a  tube 
ACDF  (fig.  3.)  hermetically  fealed  at  A,  and  bent  to  a  right 
Inele  at  D;  whence  it  has  acquired  the  name  of  the  horizontal 
reorangular  barometer.  The  mercury^  ftands  in  both  the  legs 
from  £  to  B;  the  fcale  of  variation  from  A  to  C  is  made  in  a 
larger  part ;  and  it  is  evident|  that  in  moving  three  inches  froin 
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A  to  C  it  will  niove  through  fo  many  times  three  inches  in  the 
fmall  leg  DF  as  the  bore  of  DF  is  lefs  than  the  bore  of  AC ; 
whence  the  motion  of  the  mercury  at  E  mud  be  extremely 
fenfible.  But  the  inconvenience  here  too  is,  that  the  mercury 
is  very  apt  to  break  off  in  the  leg  E^  and  alfo  to  run  out  at  the 
end  E.  Here  is  alfo  a  great  degree  of  ff  idion,  and  at  the  fame 
time  the  attra£^ion  of  cohcfion  will,  from  the  fmallnefs  of  the 
bore  DF,  impede  the  free  motion  of  the  mercury. 
'  4*  l^he Pendant  Barometer  is  made  in  another  form, confiding  of 
a  Cngle  tube  fufpendedby  a  firing  faftened  to  the  end  A  (fig.  4.). 
This  tube  is  of  a  conical  or  tapering  form,  the  end  A  being  a 
little  lefs  than  that  at  B.  It  is  hermetically  fealed  at  A,  and 
filled  with  mercury :  then  will  the  mercury  fink  to  its  common 
ftation,  and  admit  a  length  of  altitude  CD,  the  fame  with  that 
in  the  common  barometers.  But,  from  the  conical  bore  of  the 
tube,  the  mercury  will  defcend  as  the  air  becomes  lighter,  till  it 
reaches  its  lowed  altitude,  when  the  mercury  will  dand  from 
the  lowed  part  of  the  tube  B  to  E;  fo  that  BE  =  28  inches: 
^nd  confequently  the  mercury  will,  in  fuch  a  tube,  move  from 
A  to  £,  or  32  inches,  if  the  tube  be  five  feet  long;  fo  that  the 
fcale  A£  may  here  be  made  more  than  10  times  greater  than 
that  of  the  common  barometer.  The  inconvenience  at« 
tending  this  barometer  is,  that  as  the  tube  mud  be  made  of  a 
very  fraall  bore,  to  prevent  the  mercury  from  falling  out  by  an 
accidental  fliake,  the  fri£lion  and  adhefion  to  the  fides  of  the 
tube  prevent  that  freedom  of  motion  neceflary  to  fliew  a  very 
fmall  variation  in  the  weight  of  the  air. 

5 .  Mr.  Rowning  had  feveral  contrivances  for  enlarging  the  fcale^ 
and  that  in  any  proportion  whatever.  One  of  tliefe  is  defcribed 
in  No.  427.  Phil.  Trans,  and  has  now  obtained  the  name  of 
Rowning's  Barometer :  it  is  rcprefented  at  fig.  5 .  where  ABC  is 
a  compound  tube,  hermetically  fealed  at  A,  and  open  at  C^ 
empty  from  A  to  D,  filled  with  mercury  from  thence  to  B,  and 
thence  to  E  with  water.  Here,  by  varying  the  proportions  of 
the  two  tubes  AF  and  FC,  the  fcale  of  variation  may  be  changed 
in  any  degree. 

6.  Dr,  Hookers  Wheel  Barometer  was  invented  about  i668f 
and  is  likewife  intended  to  render  the  alterations  in  the  date  of 
the  air  more  perceptible.  Here  the  barometer  tube  has  a  large 
ball  AB  at  the  top  (fig.  9.  pi.  VII.),  and  is  bent  up  at  the  lower 
or  open  end,  where  an  iron  ball,  G,  floats  on  the  top  of  the 
mercury  in  the  tube,  to  which  is  conncded  another  ball,  H,  by 
a  cord,  hanging  freely  over  a  pulley,  turning  an  index  KL  about 
its  centre.  When  the  mercury  rifes  in  the  part  FG  it  raifes  the 
•ball,  and  the  oth^r  ball  defcends  and  turns  the  pulley  with  the 
index  round  a  graduated  circle  from  N  towards  M  and  P  \  and 
tUe  contrary  way  when  the  quickfilver  and  the  ball  fi^k  in  the 
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bent  part  of  the  tube.  Hence  the  fcale  is  eafily  enlarged  ten  or 
twelve  fold,  being  incrcafcd  in  proportion  as  the  length  of 
the  index  exceeds  the  radius  of  the  pulley.  But  then  the 
friSioa  of  the  pulley  and  axis  greatly  ohftrufts  the  free  motion 
of  the  quickfilver.  Contrivances  to  lefleu  the  friftion  are 
defcribed  in  Phil.  Trans,  vol.  52  and  60.  In  Nicholfon'a 
Journal,  No.  9,  New  Series,  the  rev.  James  Wilfon  has 
defcribed  a  method  of  increafmg  the  fenfibility  of  the  baro- 
meter,  ad  libitum^  which  is  very  ingenious;  but  need  not  be  in- 
ferted  here:  for  this,  and  all  contrivances,  having  the  fame  end 
in  view,  are  not  fuperior,  but  often  inferior,  to  the  common 
barometer,  for  all  philofophical  purpofes;  and  that  for  a  reafon 
which  admits  of  no  reply.  Their  fcale  muft  be  determined  in 
all  its  parts  by  that  of  the  common  barometer;  and,  therefore, 
notwithftanding  their  great  range,  they  are  fufceptiblc  of  no 
greater  accuracy  than  that  with  which  the  common  barometer 
can  be  obferved  and  meafured.  And  befides  this,  thefe  com- 
pound barometers  have  an  additional  fource  of  error,  in  the 
a&ion  of  cohefion,  the  operation  of  fri£lion,  &c.  So  that,  ex- 
cept (perhaps)  for. mere  chamber  purpofes,  the  common  con- 
ftrudiion  of  the  barometer,  with  a  nonius  applied  to  its  fcale,  is 
greatly  preferable;  and  our  attention  fliould  be  entirely  dire^led 
to  its  improvement  and  portability. 

7.  This  leads  us  to  fpeak  of  the  conftru£tion  of  a  portable  Baro^ 
metery  which  may  be  carried  from  one  place  to  another  without 
being  rendered  unfit  for  ufe;  and  is,  therefore,  ready  to  be. 
adopted  at  all  times  in  the  menfuration  of  altitudes,  &c.  In 
this  barometer  the  end  of  the  tube  is  tied  up  in  a  leathern  bag, 
not  quite  full  of  mercury;  which  being  preffed  by  th^  air 
forces  the  mercury  into  the  tube,  and  keeps  its  fufpended  at  its 
height.  This  bag  is  ufually  enclofed  in  a  box,  through  the 
bottom  of  which  pafles  a  fcrew,  by  whofe  means  the  mercury 
may  be  forced  up  to  the  top  of  the  tube,  and  prevented  from 
breaking  it  by  dafhing  againd  the  top  when  the  inilrument  is 
removed  from  one  fta'tion  to  another.  Mr.  Patrick  was,  we 
believe,  the  firfl:  who  made  a  contrivance  of  this  kind ;  but  the 

Srtable  barometer  has  received  various  improvements  fmce  by 
.  de  Luc,  Sir  Geo.  Shuckburgh,  Col.  Roy,  Mr.  Ramfden, 
and  others.  Fig.  8.  pi.  VII.  reprefents  this  inftrument  as  en- 
clofed in  its  mahogany  cafe  by  means  of  three  metallic  rings 
b^  by  b»  This  cafe  is  a  hollow  cone,  fo  fliapcd  within  as  (leadily 
tQ  contain  the  body  of  the  barometer,  and  is  divided  into  three 
branches  from  a  to  c,  forming  three  legs  or  fupports  for  the 
inftrument  when  obfervations  are  making,  and  fuflaining  it  at 
the  part  g  of  the  cafe;  by  an  unproved  kind  of  gimbals,  as  it 
appears  in  fig.  7.  in  which  it$  own  weight  renders  it  iUffiqiently 
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(teady  at  any  time.  In  the  part  of  the  frame  a  g  where  thtf 
barometer  tube  appears  a  long  flit  or  opening  is  made,  fo  that 
the  column  of  mercury  may  be  feen  againft  the  light,  and  the 
vernier  piece,  ^,  brought  down  to  coincide  very  nicely  with  the 
edge  of  the  mercury.  When  the  inftrument  is  fixed  in  its 
(land,  the  fcrew,/,  is  to  be  turned  to  let  the  mercury  down  to  its 
proper  pofition,  and  a  peg  at  p  mull  be  loofened,  in  order  that 
the  external  air  may  be  admitted  to  zGt  upon  the  mercury  con- 
tained in  the  box  b.  The  proper  adjuftment  or  mode  of  obferv- 
ing  the  zero  or  o  divifion  of  the  column  of  mercury  is  by  ob- 
Terving  it  in  the  tranfparent  part  of  the  box  b^  which  has  a  glafs 
refervoir  for  the  quickfilver,  and  an  edged  piece  of  metal  at- 
tached to  the  external  part  of  it;  with  the  edge  of  which  the 
mercury  is  to  be  brought  into  contadl,  by  turning  the  fcrew  f 
to  the  right  or  left,  as  occafion  requires.  The  vernier  piece 
at  /i|  which  determines  the  altitude  of  the  mercurial  column,  is 
firfl:  brought  down  by  the  hand  to  a  near  contadi,  and  then 
accurately  adjufted  by  turning  the  fcrew  h  at  the  top.  The 
divifions  annexed  to  tne  tube  of  this  inftrument  may  be  of  any 
kind|  or  of  any  degree  of  minutenefs,  according  to  the  purpofe  it 
is  intended  to  ferve.  To  accommodate  it  to  the  ufe  of  foreigners 
as  well  as  the  Englifh,  there  are  commonly  added  fcales  of  both 
French  and  Englifh  inches,  with  the  requifite  fubdivifions.  It 
Is  ufual  to  place  the  French  fcale  of  inches  on  the  right  fide;,  at 
ag  from  19  to  31  inches,  meafured  from  the  zero  or  furface 
ot  the  mercury  in  the  box  b'y  each  inch  being  divided  into  lines 
or  12th  partSj  and  each  line  fubdivided  by  the  vernier  into  loth 
pztts:  fo  that  the  length  of  the  mercurial  column  may  be  deter- 
mined to  the  120th  part  of  a  French  inch.  The  other  fcale, 
which  *  is  placed  on  the  left  iide  of  the  inftrument,  is  divided 
into  loth  parts  of  inches,  and  thefe  again  into  25  th  parts  by 
means  of  the  vernier;  thus  meafuring  to  5ooths  of  ah  Englilh 
inch:  and  the  divifions  on  the  vernier  fcale  are  marked  double 
what  they  really  are,  in  order  that  the  mcafures  may  be  exprefled 
in  thoufandth  parts  of  an  inch,  for  the  convenience  of  cal- 
culation. 

To  this  inftrument  a  thermometer  is  always  iattached,  as  a 
necefTary  appendage;  being  faftened  to  the  body  at  r,  and  funk 
into  the  furfaca  of  the  frame  to  preferve  it  from  injury:  the 
degrees  of  this  thermometer  are  generally  marked  fo  as  to  indi- 
cate the  divifions  both  of  Fahrenheit's  and  of  Reaumur's  fcale. 
(SeeTHERMOMETKR.)  Alfo  on  the  right  hand  of  thefe  two  fcales 
is  a  third,  called  fcale  o{  correifiotiy  with  the  words  add  znd/ubtra^ 
marked;  thus  ferving  to  ftiew  the  necefTary  correftion  of  the 
obferved  altitude  of  the  mercury,  at  any  given  temperature  of 
the  air  indicated  by  the  thermometer. 
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Several  minutiae  in  tl^e  mechanical  conftrudlon  of  this  in- 
flrument  will  be  more  obvious  from  a  few  minutes*  infpeftion 
than  by  any  further  details  here.    The  rules  for  its  ufe  in  the^  - 
afcertaming  of  altitudes  may  be  learnt  by  turning  to  the  theo- 
retic part  of  this  work:  book  iv. 

BEAM  COMPASSES.    See  Compasses. 

BEER-DRAwiNG  MACHINES  are  contrivances  by  means  of 
which  the  beer  is  drawn  from  three  or  four  cafks  at  once,  frpm 
cocks  (landing  in  one  frame,  in  the  bar  of  a  tavern,  or  any  con- 
venient place  above  a  cellar.  Thefe  machines  are  nothing  elfe 
than  an  aflemblage  of  fmall  pumps,  either  fucking  or  forcings 
whofe  pipes  of  communication  are  attached  to  the  lower  parts 
of  the  rcfpeflive  cafks  from  which  the  liquor  is  drawn.  The 
motion  is  given  to  the  pjilon  fometimes  by  levers,  at  others 
by  cranks}  mod  frequently,  we  believe,  by  means  of  a  hammer- 
formed  lever  moving  in  a  vertical  plane. 

BELLOWS,  an  inftrument  conftru£ted  for  the  purpofe  of 
alternately  drawing  and  expelling  air  In  the  common  culinary 
bellows  tiie  air  rufhcs  in  at  a  hole  or  holes  in  the  bottom, 
called  feeders,  over  which  is  a  flapping  valve,  and  is  expelled 
through  a  conical  pipe  called  the  nozzle,  by  means  of  a  kind  of 
mechanifm  which  is  too  well  known  to  need  any  defcription 
here. 

It  is  not  the  impulfive  force  of  the  blaft  that  is  wanted  in 
mod  cafes,  but  merely  the  copious  fupply  of  air  to  produce  the 
rapid  combuftion  of  im flammable  matter;  and  the  fervice.  would, 
in  general,  be  better  performed  if  this  could  be  done  with  mo- 
derate velocities  and  an  extended  furface.  What  are  called 
air-furnaces,  wher^  a  confidcrable  furface  of  inflammable  matter 
is  a£led  on  at  once  by  the  current  which  the  mere  heat  of  the 
expended  air  has  produced,  are  found  more  operative,  in  pro- 
portion to  the  air  expended,  than  blaft- furnaces  animated  by 
bellows.  There  is,  indeed,  a  great  impulfive  force  required  in 
fome  cafes ;  as,  for  blowing  off  the  fcoriae  from  the  furface  of 
filver  or  copper  in  refining  furnaces,  or  for  keeping  a  clear 
paffage  for  the  air  in  great  iron  furfaces.  But  in  general  we 
cannot  procure  this  abundant  fupply  of  air  in  any  other  way 
than  by  giving  it  a  great  velocity  by  means  of  a  great  preffure 
or  impulfe;  the  air  is  admitted  into  a  very  large  cavity,  and 
then  forcibly  expelled  from  it  tljirougb  a  fmall  orifice* 

The  mctnod  of  producing  ^  continual  blaft  by  a  centrifugal 
force  has  been  long  known,  being  mentioned  by  u^gricola  di 
Re  Mftallicay  lib.  6.  p.  62.  But  the  firft  bellows  a£ting  upon 
this  principle,  of  which  we  recolle<^  a  diftind  account  amongft 
the  moderns,  is  that  invented  by  M.  Teraly  in  1729,  and  dc- 
(cribed  in  the  Recueil  d^s  Machines  approuv^es  par  L'jfcademu 
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Rcy,  des  Sciences,  tome  ^,  This  machine  is  reprefentcd  in  fig.  7- 
pi.  VIIL  where  AB  is  a  cubical  box,  with  a  top  rather  arched  : 
to  this  box  is  adapted  a  hollow  pyramidal  fruflrum  C,  at  the 
extremity  of  which  is  the  tube  or  nozzle  D ;  the  capacity  of  the 
pyramid  not  being  feparated  from  that  of  the  box.  This  box 
contains  an  arbor  or  {haft  carrying  vanes,  as  GF,  pofited  hori- 
zontally, and  which  are  here  placed,  as  it  were,  out  of  the  box, 
that  their  ihape  and  number  may  be  feen.  The  ends  of  the 
arbor  run  in  a  proper  collar  on  each  fide  of  the  box,  and  one 
end,  as  F,  pafles  through  the  fide  of  the*box,  and  carries  a  pulley : 
over  this  pulley  pafles  a  cord  or  band)  which  alfo  runs  round 
part  of  a  wheel  HI,  fituated  at  fome  diftance  from  the  bellows, 
and  which  is  turned  by  the  handle  M.  Thus  it  will  be  mani- 
feft,  that  as  this  handle  turns  the  wheel  HI,  it  will,  by  means 
of  the  band,  turn  the  pulley  F  and  the  arbor  and  vanes,  with  a 
velocity  which  will  be  to  that  of  the  wheel  as  the  radius  of  the 
wheel  to  that  of  the  pulley.  Hence  the  greater  the  diameter 
of  the  wheel,  and  the  lefs  tliat  of  the  pulley,  the  more  rapidly  will 
the  exterior  air  (which  enters  by  fmall  holes  h  A,  into  the  top  of 
the  box)  be  driven  by  the  vanes,  and  comprefled  into  the  trunc- 
ated pyramid  r,  and  thence  expelled  at  D^  in  a  continued  blaft ; 
which  will  likewife  be  the  more  violent  the  greater  the  a£lion 
at  the  handle  M.  This  machine,  being  very  fimple,  is  eafily 
^  conftrudledj  and  at  a  fmall  expence* 

Another  bellows,  fumiOiing  a  uniform  blaft,  is  defcribed  in 
the  article  Pneumatics,  Encyclopedia  Brttannica^  as  below; 
one  cylinder  is  made  to  deliver  its  air  into  another  cylinder, 
which  has  a  pifton  exa&ly  fitted  to  its  bore,  and  loaded  with  a 
fuffictent  weight.  The  blowing  cylinder  ABCD  (fig*  3.  ph  VIII.) 
has  its  pifton  P  worked  by  a  rod  NP,  connefted  by  double 
chains  with  the  arched  head  of  the  working  beam  NO,  moving 
round  a  gudgeon  at  R,  The  other  end  O  of  this  beam  is  con- 
neSed  by  the  rod  OP  with  the  crank  PQ^f  a  wheel  machine ;  or 
it  may  be  connected  with  the  pidon  of  a  fteam-engine,  &c.  &c. 
The  blowing  cylinder  has  a  valve  or  valves  £  in  its  bottom, 
opening  inwards.  There  proceeds  from  it  a  large  pipe  CF, 
which  enters  the  regulating  cylinder  GHEJ,  and  has  a  valve  at 
top,  to  prevent  the  air  from  getting  back  into  the  blowing 
cylinder.  It  is  evident  that  the  air  forced  into  this  cylinder 
muft  raife  its  pifton  L,  and  that  it  muft  afterwards  defcend, 
while  the  other  pifton  is  rifing.  It  muft.  defcend  uniformly, 
and  make  a  perfeftly  equable  blaft, 

Obferve,  that  if  the  pifton  L  be  at  th^  bottom  when  the  ma- 
chine begins  to  work,  it  will  be  at  the  bottom  at  the  end  of  every 
ftrokc,  if  the  tuyere  T  emits  as  much  air  as  the  cylinder  ABCD 
furniflies  J  nay,  it  will  lie  a  while  at  the  bottom  \  for,  while  it 
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was  rifing,  air  was  liTuing  through  T.  This  would  make  an 
interrupted  blaft.  To  prevent  this,  the  orifice  1'  muft  be 
lefiened;  but  then  there  will  be  a  Xurplus  of  air  at  the  end  of 
each  ftroke,  and  the  pifton'  L  will  rife  continually,  and  at  lad 
get  to  the  top,  and  allow  air  to  efcape.  It  is  juft  poffible  to 
adjuft  circumflances,  fo  that  neither  Ihall  happen.  This  is  done 
eafier  by  putting  a  ftop  in  the  way  of  the  piiion,  and  putting  a 
valve  on  the  piiton)  or  on  the  conducing  pipe  KST,  loaded 
with  a  weight  a  little  fviperior  to  the  intended  elafticity  of  the 
air  in  the  cylinder.  Therefore,  when  the  piilon  is  prevented  by 
the  ftop  from  rifing,  the  ihifting  valve,  as  it  is  called,  is  forced 
open,  the  fuperfluous  air  efcapes,  and  the  blaft  preferves  its  uni- 
formity. 

The  Hydraulic  Forge  Bellows^  of  Mr.  J.  C.  Hornblower,  is  a 
vtxj  ingenious  contrivance,  and  is,  therefore,  defcribed  here. 
This  invention  is  (hewn  in  plate  V. 

'  A.  The  plunger,  or  working  part^  of  the  bellows,  1 8  inches 
fquare  within,  which  receives  the  air  by  a  valve  in  the  hinder 
part  opening  inwards,  which  at  the  ftroke  by  the  rockftaff  E 
throws  it  down  the  tube  indicated  by  the  dotted  lines,  which 
has  a  valve  opening  into  the  refervoir  D,  whence  it  is  led  to  the 
tuyere  by  the  pipe  P.  Lencth  of  the  plunger  20  inches,  ftroke 
nine  inches.    Diameter  of  P  three  inches  ;  of  the  nozzle  o'(5. 

The  whole  is  placed  in  a  pit  or  ciftern,  having  water  fuffici* 
cnt  to  rife  to  the  lower  end  of  the  tube  where  the  valve  hangsf 
this  tube  is  the  only  communication  between  the  upper  part  and 
the  refervoir  D:  when  as  much  water  is  poured  in  round  the 
working  part, over  the  wafti-boards,  as  will  rife  within  five  inches 
of  the  upper  edge  of  them,  the  bellows  is  ready  for  ufe.  The 
little  frame-work  ferves  to  keep  it  from  rifing,  and  affords  a 
convenient  fupport  for  the  balance  and  the  rockftaff.  The 
area  of  the  pit  or  ciftern  ought  to  be  at  leaft  twice  as  much  as 
that  of  the  plunger  A. 

Mr.  Hornblower  mentions  a  very  ^ftjriking  difference  between 
the  efFe£b  of  this  bellows  •  and  a  common  leathered  30-inch 
bdlows  in  the  fame  fliop.  The  leathered  bellows  throws  con* 
fiderably  mdre  air  to  the  fire,  and  its  nozzle  compared  with 
this  is  as  '73  to  *6o  in  diameter,  but  it  does  not  produce  fo 
great  an  .effe£l  in  bringing  on  the  heat,  and  the  voice  of  this  is 
fo  great  as  almoft  to  drown  that  of  the  common  one.  The 
only  difference  in  other  refpefts  is,  that  in  the  hydraulic  bellows 
the  pipe  goes  underground  for  about  eight  feet,  and  the  conduc- 
ing pipe  of  the  other  comes  down  about  the  fame  diftance  from 
the  fliop  above.     Nicholfon^s  Jsur.  N,  S.  voL  I. 

BORING  of  Cylinders^  Ordnancey  Wooden  Pipes^  &c, 

gee  Cy|.iNpi^Rs,  Ordnance,  an4  Pip>^ 
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BRAMAH's  MACHINE,  Bramah^s  Mydriatic  Prefs^  &c.— • 
frames  which  are  now  commonly  given  to  the  contrivances  of 
Mr.  Bramah  of  Piccadilly,  by  which  he  applied  the  quaqua 
verfum  preflure  of  fluids  a3  a  very  powerful  agent  in  many 
kinds  of  machinery  requiring  motbn  and  force.  Thefc  con- 
trivances.(for  which  Mr.  Bramah  took  out  a  patent  in  March 
1796)  confiil  in  the  application  of  water,  or  other  denfe  flutdSy 
to  various  engines,  fo  as,  in  fome  inftances,  to  caufe  them  to 
z6t  with  immenfe  force;  in  others,  to  communicate  the  motion' 
and  powers  of  one  part  of  a  machine  to  fome  other  part  of  the 
fame  machine;  and,  laftly,  to  communicate  the  motion  and 
force  of  one  machine  to  another,  wliere  their  local  (ituations 
preclude  the  application  of  all  other  methods  of  conne£tion. 

The  firft  and  mod;  material  part  of  this  invention  will  be 
clearly  underftood  by  an  infpe£tion  of  fig.  4.  pi.  IX*  where  ^^  A 
is  a  cylinder  of  iron,  or  other  materials,  fufficiently  ftrong,^  and 
bored  perfe£Uy  fmooth  and  cylindrical;  into  which  is  fitted  the 
pifton  B,  which  muft  be  made  perfedly  water-tight,  by  leatlier 
or  other  materials,  as  ufed  in  pump-making.  The  bottom  of 
the  cylinder  muft  alfo  be  made  fufficiently  ftrong  with  the  other 
part  of  the  furface,  to  be  capable  of  refifting  the  greateft  force 
or  ftrain  that  may  at  any  time  be  required.  In  the  bottom  of 
the  cylinder  b  inferted  tne  end  of  the  tube  C;.  the  aperture  of 
whicn  communicates  with  the  infide  of  the  cylinder,  under  the 
pifton  B,  where  it  is  (hut  with  the  fmall  valve  D,  the  fame  as 
the  fu£lion-pipe  of  a  common  pump.  The  other  end  of  the 
tube  C  communicates  with  the  finall  forcing-pump  or  inje^ior 
£,  by  means  of  which  water  or  other  denfe  fluids  can  be  forced 
or  inje£ted  into  the  cylinder  A,  under  the  pifton  B.  Now» 
fuppofe  the  diameter  0/ the  cylinder  A  to  be  12  inches,  and  the 
diameter  of  the  pifton  of  the  fmall  pump  or  inje£lor  £  only 
one  quarter  of  an  inch,  the  proportion  between  the  two  furfaces 
or  ends  of  the  faid  piftons  will  be  as  i  to  2304;  and  fuppofing 
the  intermediate  fpace  between  them  to  be  filled  with  water  or 
other  denie  fluid  capable  of  fuffictent  refiftance,  the  force  of 
one  pifton  will  a£):  on  the  other  juft  in  the  above  proportion, 
▼Iz.  as  I  is  to  2304.  Suppofe  the  fmall  pifton  in  the  injedlor 
to  be  forced  down  when  in  the  a£fc  of  pumping  or  inje^ng 
water  into  the  cylinder  A,  with  the  power  of  20  cwt.  which 
could  eafily  be  done  by  the  lever  H ;  the  pifton  B  would  then 
be  moved  up  with  a  force  equal  to  20  cwt.  multiplied  by  2304. 
Thus  is  conftruded  a  hydro-mechanical  engine,  whereby  a 
weight  amounting  to  2304  tons  can  be  raifed  by  a  fimple  lever^ 
through  equal  fpace,  in  much  lefs  time  than  could  be  done  by 
any  apparatus  conftru£ted  on  the  known  principles  of  me- 
chanics; and  it  may  be  proper  to  obferve,  that  the  eficA  of  all 


BramaVs  Pr^s,  bfc,    ^  121 

other  mechanical  combinations  is  countera£ted  hj  an  accuma* 
lated  complication  of  parts,  which  renders  them  incapable  of 
being  ufefuUy  extended  beyond  a  certain  degree ;  but  in  ma-< 
chines  aded  upon  or  conftrufbed  on  this  principle  every  dif^ 
Acuity  of  this  kind  is  obviated,  and  their  power  fubjed  to  no 
finite  reftraint.  To  prove  this,  it  will  be.  only  neceflary  to  remarl^ 
that  the  force  of  any  machine  adlmg  upon  this  principle  can  be 
increafed  ad  infinitum^  either  by  exteudihg  the  proportion  be- 
tween the  diameter  of  the  injeflor  and  the  cylinder  A,  or  by 
applying  greater  power  to  the  lever  H. 

**  Fig.  5.  reprefents  the  fedion  of  an  engine,  by  which  very 
wonderful  eflefls  may  be  produced  inftantaneoufly  by  means  o£ 
comprefled  air.  AA  is  a  cylinder,  with  the  pifton  B  fitting 
air-tight,  in  the  fame  manner  as  defcribcd  in  fig.  4.  C  is  a 
globular  veflel  made  of  copper,  iron,  or  other  ilrong  materials^ 
capable  of  refifting  immenfe  force^  fimilar  to  thofe  of  air~guns# 
D  is  a  ilrong  tube  of  fmall  bore,  in  which  is  the  ftop-cock  £• 
One  of  the  ends  of  this  tube  communicates  with  the  cylinder 
under  the  piAon  B,  and  the  other  with  the  globe  C.  Now^ 
fuppDfe  the  cylinder  A  to  be  the  fame  diameter  as  that  in  fig.  4.  / 
and  the  tube  D  equal  to  one  quarter  of  an  inch  diameter,  which 
is  the  fame  as  the  inje£lor  fig.  4. :  then,  fuppofe  that  air  is  in^ 
je£ied  into  the  globe  C  (by  the  common  method),  till  it  prefles 
againft  the  cock  E  with  a  force  equal  to  20  cwt.  which  can 
eafily  be  done  ;  the  confequence  will  be,  that  when  the  cock  £ 
is  opened  the  pifton  B  wrill  be  moved  in  the  cylinder  AA  with 
a  power  or  force  equal  to  2304  tons;  and  it  is  obvious,  as  in  the 
cafe  fig.  4.  that  any  other  unlimited  degree  of  force  may  be  ac- 
quired by  machines  or  engines  thus  conftru£led. 

**  Fig.  6.  18  a  feftioHj  merely  to  fhew  how  the  power  and 
motion  of  one  machine  may,  by  means  of  fluids,  be  transferred 
or  communicated  to  another,  let  their  diftance  and  local  fituation 
be  what  they  may.  A  and  B  arc  two  fmall  tubes,  fmooth 
and  cylindrical;  in  the  infide  of  each  of  which  is  a  pifton,  made 
water  and  air-tight,  as  in  figs.  4*  and  5.  CC  is  a  tube  conveyed 
under  ground,  or  otherwife,  from  the  bottom  of  one  cylinder  to 
the  otlier,  to  form  a  communication  between  them,  notwith- 
ftanding  their  diftance  be  ever  fo  great;  this  tube  being  filled 
with  water  or  other  fluid,  until  it  touch  the  bottom  of  the  pifton; 
then,  by  depreifing  the  pifton  A,  the  pifton  B  will  be  raifecL  , 
The  fame  efFe£l  will  be  produced  vice  verfa :  thus  bells  may 
be  rung,  wheels  turned,  or  other  machinery  put  invifibly  in 
motion,  by  a  power  being  applied  to  either. 

*'  Fig.  7.  is  a  fe£lion,  fhewing  another  in ftance  of  communi- 
cating the  a&ionand  force  of  one  machine  to  anc^ther;  and  how 
water  may  be  raifed  out  of  wells  of  any  depth,  and  at  any  di- 
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ftance  from  the  place  where  the  operating  power  is  applied. 
A  18  a  cylinder  of  any  required  dimenfionsi  in  which  is  the 
working  pifton  B,  as  in  the  foregoing  examples :  into-the  bottohi 
of  this  cylinder  is  inferted  the  tube  C5  which  niay  be  of  lefs 
bore  than  the  cylinder  A.  This  tube  is  continued,  in  any  re- 
quired direftion,  down  to  the  pump  cylinder  D,  fuppofed  to  be 
fixed  in  the  deep  well  EE,  and  forms  a  junftion  therewith  above 
the  pifton  F;  which  pifton  has  a  rod  G,  working  through  the 
fluffing  box,  as  is  ufual  in  a  common  pump«  To  this  rod  G  is 
conne^edi  over  a  pulley  or  otherwife,  a  weight  H9  fufficient  to 
overbalance  the  weight  of  the  water  in  the  tube  Cj  and  to  raifc 
the  pifton  F  when  the  pifton  B  is  lifted:  thus,  fuppofe  the 
pifton  B  is  drawn  up  by  its  rod,  there  will  be  a  vacuum  made 
in  the  pump  cylinder  D,  below  the  pifton  F  j  this  vacuum  will 
be  filled  with  water  through  the  fuftion  pipe,  by  the  preflure  of 
the  atmofphere,  as  in  all  pumps  fixed  in  air.  The  return  of  the 
|)ifton  B,  by  being  prefled  downwards  in  the  cylinder  A,  will 
make  a  ftroke  of  the  pifton  in  the  pump  cylinder  D,  which  may 
be  repeated  in  the  umal  way  by  the  motion  of  the  pifton  B,  and 
the  a£kion  of  the  water  in  the  tube  C-  The  rod  G  of  the  pifton 
F,  and  the  weight  H,are  not  neceflary  in  wells  of  a  depth  where 
the  atmofphere  will  overbalance  the  water  in  the  fu£iion  of  the 
pump  cylinder  D,  and  that  in  the  tube  C.  The  fmall  tube  and 
cock  in  the  ciftern  I  are  for  the  purpofe  of  charging  the  tube  C* 

By  thefe  means  it  is  obvious  moft  commodious  machines 
of  prodigious  power,  and  fufceptible  of  the  greateft  ftrength, 
may  readily  be  formed.  If  the  fame  multiplication  of  power 
be  attempted  by  toothed  wheels,  pinions,  and  racks,  it  is  fcarcely 
poffible  to  give  ftrength  enough  to  the  teeth  of  the  racks,  and 
the  machine  becomes  very  cumberfome  and.  of  great  expence. 
But  Mr.  Bfamah's  machine  may  be  made  abundantly  ftrong  in 
very  fmall  compafs.  It  only  requires  very  accurate  execution. 
Mr.  Bramah,  however,  is  greatly  miftaken  when  he  publifties  It 
as  the  difcovery  of  a  mw  mechanic  power.  The  principle  on 
which  it  depends  has  been  we/i  krown  for  nearly  two  centuries ; 
and  it  is  matter  of  furprife  that  it  has  never  before  been  applied 
to  any  ufeful  pra6iical  purpofe. 

CAMEL  is  the  name  given  to  a  machine  employed  by  the 
Dutch  for  carrying  veflcls  heavily  laden  over  the  fand-bariks  in 
the  Zuyder-Zee.  In  that  fea,  oppofite  to  the  mouth  of  the 
river  Y,  about  fix  miles  from  the  city  of  Amfterdam,  there  arQ 
two  fand'banks,  between  which  is  a  pafiage  called  the  Pampus, 
fufficiently  deep  for  fmall  veffels,  but  not  for  thofe  which  are 
large  and  heavily  laden.  On  this  account  fliips  which  are  out- 
ward bound  take  in  before  the  city  only  a  fmall  part  of  their 
cargo,  receiving  the  reft  when  they  have  got  through  the  Faiftv 
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pti&.  And  thofc  that  are  homeward  Jjoun^  muU,  in'^  great 
meafure,  unload  before  they  enter  it.  For  this  reafoa  the  got>ds 
are  put  into  lighters,  and  in  thefe  tranfported  to  the  warehoufes 
of  the  merchants  in  the  city;  and  the  large  veflels  are  theii 
made  fad  to  boats^  by  means  of  ropes,  and  in  that  manner 
towed  through  the  pafTage  to  their  ftations. 

Though  meafures  were  adopted  fo  early  as  the  middle  of  the 
fixteenth  century,  by  forbidding  ballaft  to  be  thrown  into  the 
Pampus,  to  prevent  the  further  accumulation  of  fand  in  this 
paiTage,  that  inconvenience  increafed  fo  much  from  other  caufes 
»as  tooccafion  flill  greater  obfl;Tu£tion  to  trade;  and  it  at  lengtii 
became  impoffible  for  fhips  of  war,  and  others  heavily  laden^  ta 
get  through  it.  About  the  year  1672  no  other  remedy  wa$ 
known  than  that  of  making  fad  to  the  bottoms  of  fhips  large, 
chefts  filled  with  water,  which  was  afterwards  pumped  out ;  fo 
diat  the  Jhips  were  buoyed  up,  and  rendered  fufficiently  light  to 
pafs  the  fhallow.  By  this  method,  which  was  attended  witb 
the  utmofl  difHculty,  the  Dutch  carried  out  their  numerous 
fleet  to  fea  in  the  abovementioned  year.  This  plan,  however, 
gave  rife  foon  after  to.  the  invention  of  the  camel,  by  which  the 
labour  was  rendered  eafifer. 

The  camel  confifls  of  two  half  fhips,  conflru£led  in  fuch 
a  manner  that  they  can  be  applied  below  water,  on  each  fide  of 
the  hull  of  a  large  veflel.  On  ^e  deck  of  each  part  of  the 
camel  are  a  great  many  horizontal  windlaiTes,  from  which  ropes 
proceed  through  apertures  in  the  one  half,  and,  being  carried 
under  the  keel  of  the  vefTel,  enter  iimilar  apertures  in  the 
other,  from  which  they  are  conveyed  to  the  windlafTes  on  its 
deck.  When  they  are  to  be  ufed,  as  much  water  as  may  be 
necefTary  is  fuffercd  to  run  into  them ;  all  the  ropes  are  caft 
loofe,  the  veflel  is  conducted  between  them,  and  large  beams 
are  placed  horizontally  through  the  port-holes  of  the  veflel, 
with  their  ends  refting  on  the  camel  on  each  fide.  When  the 
ropes  are  made  faft,  fo  that  the  fhip  is  fecured  between  the  two , 
parts  of  the  camel,  the  water  is  pumped  from  them;  by  which 
means  they  rife,  and  raife  the  fhip  along  with  them.  Each  half 
of  the  camel  is  often  about  127  feet  in  length;  the  breadth  at 
one  end  is  22,  and  at  the  other  13.  The  hold  is  divided  into 
feveral  compartments,  that  the  machine  may  be  kept  in  equili- 
brio  while  the  water  is  flowing  into  it.  An  Eaft-India  fhip  that 
draws  15  feet  of  water  can,  by  the  help  of  the  camel,  be  made 
to  draw  only  11 ;  and  the  heavieft  fhips  of  war,  of  90  or  100 
guns,  can  be  fo  lightened  as  to  pafs,  without  obilruction,  all  the 
fand-banks  of  the  Zuydee-Zec. 

J^eupold,  in  chap,  6.  of  his  Tiheairum  Machinarum^  publifhed 
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in  1725,  at  Leipfick,  defcribes  this  machine  under  the  head  Stf" 
cbreibung  der  fe  genannten  Camele  zu  Amjierdam^  wontit  Jie  befrach" 
ten  Schiffe  uber  dem  Pampus  gebracbt  werderty  and  fays  it  was  in-^ 
vented  by  Cornelius  Meyer,  a  Dutch  engineer.  But  the  Dutch 
writers  almoft  unanimoufly  afcribe  this  invention  to  a  citizen  of 
Amfterdam,  called  Meuves  Meindertfzoon  Bakker. 

As  (hips  built  in  the  Neiva  cannot  be  conveyed  into  harbour, 
pn  account  of  the  fand -banks  formed  by  the  current  of  that 
river,  camels  are  employed  alfo  by  the  RufEans,  to  carry  {hips 
cnrer  thefe  fhoalsrand  they  have  them  of  vkrious  (izes.  Ber- 
noulli faw  one,,  each  half  of  which  was  217  feet  long,  and  36 
broad.  Camels  are  ufed  likewife  at  Venice.  An  engraving  of 
the  camel  may  be  feeu  in  VArt  de  batirles  Vaijfeaux^  Amiter- 
dam,  17 19,  4to.  vol.  ii.  pa.  93. 

CANALS,  motion  of  water  in.    See  Stream- 

CAPSTAN,  a  large  maiTy  column,  fhaped  like  a  truncated 
cone,  placed  perpendicularly  on  the  deck  of  a  (hip,  and  turned 
by  levers  or  bars,  which  pafs  through  holes  pierced  in  its  upper 
extremity;  ferving,  by  means  of  a  cable  which  winds  round 
the  barrel,  to  draw  up  burdens  faftened  to  the  end  of  the  cable. 
The  power  of  this  machine  in  its  fimpleft  (late  is  manifeftly  re- 
ducible to  that  of  the  axis  in  peritrochio.  There  is  frequently 
attached  to  it  a  tackle  of  pulleys,  but  the  ingenious  contrivance 
defcribed  in  art.  4  of  the  introduAory  part  of  this  volume  is  far 
preferable. 

CELLAR  CRANE,  a  machine  reprefented  in  fig.  6.  pi.  VI.  ; 
and  is  very  ufeful  to  winc-merchahts,  brewers,  &c.  in  drawing 
up  and  letting  down  calks  full  of  wine,  beer,  &c.  It  faves  the 
trouble  and  inconvenience  of  horfes,  and  in  many  places  can  be 
ufed  where  horfes  could  not.  A  A  are  two  wooden  props,  about 
6  feet  in  height,  and  jointed  together  like  a  ruler  at  B.  They 
are  conne£i:ed  to  each  other  by  an  iron  round  bar  C,  and 
wooden  bar  at  the  bottom  D.  The  iron  prongs  ££  faften  the 
uprights  fteadily  to  the  edge  of  the  cellar-,  F  is  the  axis  round 
which  two  ropes  are  coiled,  the  ends  of  which  are  failened.  to 
the  two  clamps  G6.  On  the  axis  F  is  fixed  the  iron  wheel 
H,  of  3  feet  in  diameter :  in  the  teeth  of  this  works  the  pinion  I, 
of  about  6  or  7  inches  in  diameter,  and  is  turned  by  the  handle 
atK.  - 

It  is  evident,  by  a  bare  infpeftion  of  the  figure,  that  when  the 
two  ropes  are  fiipt  over  the  ends  upon  the  barrel,  either  at 
the  top  or  bottom  of  the  cellar,  by  turning  of  the  winch  K  to-t 
wards  or  from  you,  the  barrel  can  be  fafely  and  expeditioufly 
taken  out  or  lowered  down.  When  the  crane  is  done  with  it 
(huts  up,  by  unfcrewing  the  nut  at  Bj  taking  the  wheel  and  axis. 
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away  out  of  the  loops  at  L,  and  folding  the  fides  at  A  together, 
like  a  jointed  rule ;  it  may  then  be  taken  away  in  the  cart  or 
dray»  or  taken  in  the  men's  hand8« 

CENTRIFUGAL  pump»  a  very  curious  machine,  invented 
by  Mr.  Erflcine,  for  railing  water  by  means  of  a  centrifugal  force 
combined  with  the  prefTure  of  the  atmofphere.  It  confills  of  z 
large  tube  of  copper,  &c.  in  the  form  of  a  crofs,  which  is 
placed  perpendicularly  in  the  water,  and  reils  at  the  bottom  on  a 
pivot.  At  the  upper  part  of  the  tube  is  an  horizontal  cog« 
wheel,  which  touches  the  cogs  of  another  in  a  vertical  •  pofi- 
tion ;  fo  that  by  the  help  of  a  double  winch  the  whole  machine 
is  moved  round  with  very  great  velocity.  Near  the  bottom  of 
the  perpendicular  part  of  the  tube  is  a  valve  opening  upwards ; 
and  near  the  two  extremities,  but  on  the  contrary  fide  of  the 
arms  or  crofs  part  of  the  tube,  are  two  other  valves  opening  out* 
wards.  Thefe  two  valves  are,  by  the  afliftance  of  fprings,  kept 
ihut  till  the  machine  is  put  in  motion,  when  the  centrifugal  ve« 
locity  of  the  water  forces  them  open,  and  difcharges  itfdf  into 
a  ciftern  or  refervoir  placed  there  for  that  purpofe.  On  the 
upper  part  of  the  arms  are  two  holes,  which  are  clofed  by  pieces 
fcrewed  into  the  metal  of  the  tube.  Before  the  machine  can 
work  thofe  holes  muft  be  opened,  and  water  poured  in  through 
them,  till  the  whole  tube  be  full ;  by  this  means  all  the  air  will 
be  forced  out  of  the  machine,  and  the  water  fupported  in  the 
tube  by  means  of  the  valve  at  the  bottom.  The  tube  being 
thus  filled  with  water,  and  the  holes  clofed  by  the  fcrew-caps, 
it  is  turned  round  by  means  of  the  winch,  when  the  water  in 
the  arms  of  the  tube  acquires  a  centrifugal  force,  opens  the 
valves  near  the  extremities  of  the  arms^  and  flies  out  with  a  ve- 
locity nearly  equal  to  that  of  the  extremities  of  the  faid  arms. 
The  theory  of  this  pump  may  be  feen  in  arts.  5  3  7f  538,  of  our 
firft  volume. 

CHIMNEY. CLEANSING  MACHINES  havc  been  lately  invented, 
in  order,  as  far  as  poffible,  to  diminiih  the  number  of  infant  vic- 
tims of  a  filthy  and  difgufting  operation,  performed  under  tlie 
infpedion  of  unfeeling  matters.  Thofe  who  have  long  viewed 
the  wretchednefs  to  which  many  of  the  children  are  e^pofed 
who  are  ftill  employed  in  climbing  chimneys,  will  be  happy  to 
hear  of  any  contrivances  which  have  a  tendency  to  leflTen  theix 
fufierings:  we  therefore  mention  here  two  machines  which 
have  been  devifed  for  the  purpofe  of  fweeping  chimneys;  either 
of  which  may,  we  doubt  not,  be  made  ufe  of  with  confiderable 
fuccefs. 

The  firft  is  that  invented  by  Mr.  George  Smart,  of  Ord- 
nance-wharf, Weftminfter-bridge.  Its  principal  parts  are  the 
'  brulh^  the  rods  for  raifing  the  brufli,  and  the  cord  for  conne£^<i 
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ing  the  whole  together.  The  brufli  confifts  of  four  fan-(haped 
or  wing-like  portions,  which  are  hung  upon  hinges^  in  order 
that  in  afcending  the  chimney  the  brufh  may  take  up  as  little 
foace  a$  pofTible,  and  in  dcfcending  may  fpread  out  and  fweep 
the  fides  of  the  flue :  this  brufh  is  prevented  from  falling  down 
into  its  contrafted  form  by  a  contrivance  exa&ly  like  that  which 
18  made  ufe  for  umbrellas.  I'he  fubdance  made  ufe  of  in  ge- 
neral for  the  bru{h  is  what  is  called  whi/k.  The  rods  are  hol- 
low tubes,  with  a  metal  focket  at  the  lower  end ;  fome  of  the 
fockets  have  screws  in  themi  for  the  purpofe  of  confining  the 
cord,  and  preventing  the  rods  from  feparating.  The  upper 
ends  of  the  rods  are  now  made  without  feriules^  and  are  rather 
tapered,  which  allows  of  a  small  motion  within  the  fockets. 
Each  rod  is  about  2\  feet  long.  The  cord  runs  from  the  top 
of  the  brufli  through  all  the  rods,  and  when  drawn  tight  keep$ 
the  whole  of  the  machine  together. 

Method  of  ufing  the  machine.  Having  firft  afcertained,  by 
looking  up  the  chimney,  what  qourfe  the  flue  immediately  takes^ 
the  cloth  is  then  to  be  fixed  before  the  fire-place,  with  the  hori- 
zontal bar,  and  the  fides  to  be  clofed  with  two  upright  bars. 
The  next  part  of  the  operation  is  to  introduce,  through  the 
opening  in  the  cloth,  the  brufli  in  its  contra£led  form :  this 
opening  is  then  to  be  buttoned  or  tied  up,  to  prervent  the  foot 
coming  into  the  apartments  \  then  one  of  the  rods  is. to  be  pafTed 
up  the  cord  into  the  focket,  on  the  lower  end  of  the  rod  which 
fupports  the  brufli ;  the  other  rods  are  in  like  manner,  one  by 
one  in  fucceflion,  to  be  brought  up,  until  tlie  brufli  is  raifed 
fomewhat  above  the  top  of  the  chimney,  obfer>'ing  to  keep  the 
cord  conftantly  tight ;  and  when  thofe  roda  which  have  a  fcrew 
in  the  focket  are  brought  up  they  are  to  be  placed  on  the  pur- 
diafe,  when  the  cord  is  to  oe  put  round  the. pulley  and  drawn 
▼ery  tight,  and  fere  wed  down,  by  which  all  the  rods  above  will 
be  firmly  connected  together,  and  the  whole  may  be  confidered 
one  long  flexible  rod. 

When  the  operator  thinks  that  the  brufli  is  near  the  top  of 
the  chimney  he  fliould  move  it  up  and  down,  as  he  will  then 
find  the  brufli,  if  out,  stop,  in  returning,  on  the  top  of  the  pot 
or  chimney. 

When  it  is  known  to  be  out  the  machine  is  to  be  pulled 
down  2  in  doing  which  the  edges  of  the  brufli,  ftriking  againfl; 
the  top  of  the  chimnpy,  will  caufe  it  to  expand }  and  there  being 
a  fpring  to  prevent  its  contracting  again,  it  will  fweep  the  foot 
down  before  it :  the  whiflc  being  long  and  elaflic,  makes  the 
brufli  capable  of  filling  flues  of  <iifierent  diameters.  In  draw- 
ing down  the  machine  the  perfon  fliould  grafp  with  his  left 
hand  the.  rod  immediately  above  that  which  he  i&  feparating 
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wtdi  his  right  hand)  otherwife  he  may  chance  to  have  thofe 
above  loofen  and  Aide  down  the  cord,  which  will  render vthe 
operation  unpleafant  and  difHcuIt:  the  rods,  as  they  are  brought 
down^  are  to  be  laid  carefully  one  by  one  in  as  small  a  compafs 
as  they  conveniently  can  be,  that  they  may  not  dirt  the  apart« 
ments :  with  a  little  attention  they  may  be  placed  like  a  bundle 
of  fticks,  fide  by  fide,  in  very  little  compafs.  When  the  bru(h 
is  quite  down  it  is  to  be  ihaken  within-tide  the  cloth,  then  the 
fpring  muil  be  pufhed  in,  and  the  bruQi  which  was  expanded 
will  flap  down  into  the  (late  it  went  up. 

If,  as  fomc times  happens,  there  is  any  difficulty  found  ia 
drawing  the  brufli  into  the  upper  part  of  the  chimney,  the  rods 
mud  be  thruft  up  again  fomewhat  higher,  in  order  to  alter  the 
diredlion,  then  carefully  drawn  down.  It  will  be  proper  to  let 
the  cloth  remain  a  (hort  time  up  (where  great  cleanlinefs  is  re- 
quired), in  order  to  let  the  finer  particles  of  foot  fubfide  with- 
in it. 

For  extinguiOiinJ  a  chimney  on  fire^a  coarfe  cloth  is  to  ]>e 
tied  over  the  bruih  and  dipped  into  water,  then  paiTcd  up  as 
above  diredied. 

It  is  now  nearly  three  years  fmce  this,  machine  was  invented, 
and  its  ufe  has  been  attended  with  very  confiderable  fuccess  \  for 
it  appears  that  there  is  fcarcely  one  chimney  in  a  hundred  in  tlie 
vicinitv  of  the  metropolis  but  what  may  be  properly  fwept  by 
it.  Tne  following  perfons  have  undertaken  to  fweep  chimneys 
ivith  Mr.  Smart's  machines,  at  the  ufual  prices : — Thomas  Bad' 
ger,  chimney-sweeper,  No.  2,  Whalebotie-court,  oppoGte  Tokea- 
hottfe-yard,  Great  Bell-alley,  Coleman-ftreet. — John  Bedford^ 
chimney-fweeper,  56,  Swallow-street,  Piccadilly. — Thomas 
Murlefs^  chimney^fweeper.  Bell-yard,  near  the  Bridge,  Hack- 
ney.— Richard  Page^  chimney-f weeper,  23,  Colonnade,  near 
Guildford-street,  Foundling-hofpital. — George  Smarts  15,  Great 
Bell-alley,  Coleman- street;  and  at  his  timber  yard,  Fratt's-place, 
Camden-town  \  and  at  Ordnance-wharf,  Wcftminfter-bridge. — 
Thomas  Taylor ^  9,  Well's- ftreet,  Oxford-road. — George  Turner 
and  James  Laver,  Walthamftow. — Tbamas  Wood,  36,  Poland- 
ftre^,  Oxford-road. 

Another  machine  for  the  fame  benevolent  purpofe  has  been 
invented  by  Mr.  J.  C.  Hornblower,  engineer,  Eau-place,  City- 
road;  The  apparatus  is  ^simply  this :  a  vefiTel  into  which  air  is 
condenfed  communicates  with  a  tube  charged  with  fmall  gra- 
vel, which  being  blown  up  the  chimney  brings  down  the  foot. 

The  body  of  the  machine  *  is  made  of  copper,  of  about  3 
pound  to  the  fquare  foot,  and  its  capacity  is  about  three  cylitv- 
drical  feet.  In  the  middle  of  the  cover,  which  is  fofdered  on, 
j^  a  fyringe  or  coodenfcri  having  it$  handle  above  the  cover. 
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On  one 'fide  of  the  cover  is  infetted  a  crooked  pipe,  kaVing  ar 
valve  opeptng  inward  ki  its  inner  or  lower  end,  the  ftem  of 
which  conies  up  through  the  pipe,  and  terminates  with  a  but* 
ton.  The  pipe  is  continued  by  a  flexible  leather  one,  to  which 
IS  united  a  tube  of  tin  plate.  This  latter  tube  has  a  crofs  bar  of 
tin  iplate»  fixed  edgewife  in  the  bottom  or  breach  of  the  tube 
which  detaches  from  the  leather  pipe,  fomewhat  like  a  piftol 
barrel,  leaving  a  piece  of  tube  about  fix  inches  remaining  to  thd 
leatlier  pipe,  into  the  bottom  of  which  this  cafe  bar  is  fixedy 
and  ferves  to  receive  a  charge  of  fmall  grayel,  having  a  piece  of 
paper  firft  laid  on  the  crofs-bar  \  the  other  part  oithe  tube  is 
then  to  be  replaced,  and  the  air-veflel  fuppofed  to  be  full,  tho 
valve  is  prefled  down  by  a  little  lever  accompanying  the  ma- 
chine, and  its  contents  are  difchargcd  into  the  (haft  of  the 
chimney;  and  if  there  is  any  fuch  quantity  of  foot  as  really 
.  needs  fweeping  away,  it  will  come  down* 
.  Thq  vefTel  contains  nearly  three  cylindrical  feet,  and  we  can 
crowd  three  atmofpheres  of  air  into  it,  in  which  cafe  there 
will  be  42  lbs.  per  inch  fquare,  at  round  numbers,  preiling 
againft  the  charge  in  the  tube,  or  ratlier  againft  the  valve,  the 
tube  being  2^  inch  diameter,  which  amounts  to  168  lbs.  for 
the  whole  area.  This  air  will  all  be  difcharged  in  one  fecond^ 
the  mean  velocity  of  which  may  be  fairly  reckoned  at  jO  feet^ 
in  that  time  having  impetus  in  itfelf  fumcient  to  carry  away 
any  foot  of  confequence  in  a  chimney  of  100  feet  high;  but 
when  we  take  into  the  account  the  charge  of  gravel,  being 
alternately  incident  and  reile£i:ed  on  all  fides  of  the  chimney^ 
we  need  not  fear  to  affirm  that  it  is  perfe£Uy  applicable  to  its 
intention. 

To  render  it  as  univerfal  as  poflfible  there  muft  be  another 
tube,  to  be  occafionally  ufed,  when  the  fide  of  the  chimney 
near  the' fire  place  is  gathered  over,  in  order  to  bring  the  throa^ 
of  the  flue  over  the  fire :  or  it  (hould  be  in  fevcral-  pieces,  to 
conform  to  the  height  of  this  gathering,  and  in  this  cafe  tiie 
charge  muil  be  at  the  upper  fifTure,  and  the  pipe  ftayed  as  per- 
pendicularly as  can  be  conveniently  done;  for  which  purpofe 
there  is  a  piece  made  to  fix  on  the  pipe,  having  two  ftems^ 
which,  if  put  in  the  bearing  fide  of  the  pipe,  will  keep  it  up- 
right and  in  the  crater  of  the  fluci  The  machine  thus  con- 
ftru£led  is  to  be  laid  on  a  little  truck,  and  tranfported  from 
houfe  to  houfe,  with  a  gallon  of  gravel  to  begin  with;  becaufe, 
until  it  has  obtained  the  good  opinion  of  the  public,  it  would 
iiot  be  necefiary  to  attempt  fuch  regulations  as  would  after- 
wards be  deemed  requifite  to  facilitate  the  operation. 

The  inventor  of  this  condenfing  machine,  in  a  letter  on  thtf 
fubjed  in  Nicholfon's  Joumai^  N»  St  No.  28|  faae  made  fooMi 
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logenbos  obfenrations  on  Ae  pecnUarity  of  its  conftniction, 
and  wbat  he  thinks  its  advantages)  compared  wkh  the  machine 

CBvioulIy  defcribed  in  this  article.*-^^^  One  ctrcumftance/'  fayis 
,  *'  prefents  itfelf»by  which  the  air  machine  nmft  have  a  d^ 
cidod  preference  over  the  brufhe^;  which  is  this  you  mnft 
know  the  height  of  the  chimney,  and  adapt  the  length  of-  the 
sods  to  that  beight»  or  elfe  you  will  not  know  when  you  are  in 
the  flue  or  out  of  it»  Whereas,  my  machine  knows  no  neces- 
£ty  for  fuch  a  punctilio;  all  that  is  neceflary  bHng  only  to  give 
io  many  ihocks  of  the  condenfer  to  a  chimney  of  two  ftorie^, 
and  Co  many  to  one  of  three,  and  fo  on.  And  again,  thefe 
brttihes  in  tm  very  outfet  of  trial  made  with  them  are  fubje£t 
to  accidents,  and  will  moft  afluredly  wear  out  very  f«ift.  Whit 
snnft  become  of  thofe  whalebone  rods  when  the  fcwing  is  rub- 
bed through  in  paffing  up  and  down  againft  the  projediions  of 
nnceremonious  bricks  and  mortar?  What  repairs  will  they  not 
be  fttbjed  to^in  the  courfe  of  one  day's  a£iion  ?  Whereas  the 
«ir  machine  will  fweep  a  hundred  chimneys,  and  bt*  repaired 
for  two»pence^  it  wanting  only  a  lictle  oil  in  the  condenfer.*' 

Our  readers  wiH  decide  for  themfelves,  from  the  preceding 
deicriptions,  which  contrivance  deferves  the  preference.  We 
are  gratified  in  having  an  opportunity  of  fpeaking  of  both, 
deeming  that  a  laudable  endeavour  which  is  intehd(rd  ro  recom- 
mend  to  the  public  the  ufe  of  one  or  other  of  two  m-ichines 
well  calculated  for  the  porpofe  of  performing  a  moil  difagree- 
abk  and  femetimes  dangerous  operation;  thereby  relieving  a  de- 
graded clafs  of  our  fpecies  from  very  inhuman  treatment,  and 
leftoring  them  to  their  rank  in  civil  fociety. 
'   £HUCK,  UNiVERSAt.   See  turning 

CHURN,  a  well-known  veflel  in  which  butter,  by  long  and 
irioient  agitation,  is  feparated  from  the  ferous  part  of  the  milk. 

The  inferiority  of  the  chums  in  common  ufe  has  induced 
leveral  ingenious  mechanics  to  exert  their  fkil)  in  contriving 
ethers  that  would  render  theprocefs  of  making  butter  lefs  tedi- 
ous and  expenfive.  Of  thefft,  one  of  the  moft  valuable  is 
Mr.  fVillimn  BowJtr^s  improved  ehum,  with  which  the  Society 
for  the  Encouragement  of  Arts,  &c.  were  fo  well  fatisfied  as  to 
prefent  the  inventor  with  thirty  guineas.  As  it  renders  the 
operation  of  churning  far  lefs  fatiguing;  and  has,  befidesv  fome 
peculiar  advantages,  we  ihall  fubjoin  a  defcnption. 

This  churn  is  of  the  barrel  kind^  being  a  cylinder  1 8  inches 
in  diameter,  and  9  wide;  the  fides  are  of  wood,  and  the  rim  a 
tin  platei  which  has  two  openings,  one  ^  inches  in  length,  and 
4  in  width,  through  which  the  cream  is  poured  into  the  ciiurn^ 
and  the  hand  introduced  for  cleaning  it ;  the  other  a  iKort  pipe, 
OU  inch  in  dianieter>  by  wbioh  the  butter-milk  runs  out  of  the 

TOL*  XI.  K 


l^r  MACHOOS. 

Ings  has  &  wooden  coir«|^  £i(keiie4  dovn  by^two  (crtws;  aii4. 
th^  olher  a  <»rk  6ttod  to  iu  white  tfa«  butter  k  churoii^*.  There 
i|.fuithciv  Xtfi^  <he  lamar  tipeniny,  a  imall  Tent-bole  with  z  pe^ 
Cp  admit  the  {^afiage  ot  amy  ^t  that  may  be  dilcbaiged  from  tbf . 
cream  at  the  bf^^ming  of  the  pperattoiu.    Aa  .aue,aUb  pafles 
through  the  cbttrn,  t<!rmiiutiiig  in  two  gudgeonsy  on  which  it. 
hangs  %  its  lower  part  being  inunerfed  in  a  trougb»  m  order  to 
boId'OccafionaUy  either  hot  or  cold  water^  according  to  die  fe»>" 
ion  of  the  year«    On  the  iniide  of  the  rim  are  four  projecting 
pieces  of  woodt  with  holesy  fenring  to  agitate  the  cream  by  the:* 
motion  of  the  chum.    This  movement  is  caufed  by  a  pendulum, 
3  feet  6  inches  longi  that  ha#  an  iron  bob  weighing  lo  lbs,  and! 
at  its  upper  end  a  turning  puUey  i cinches  in  diameter,  ffonpr; 
which  a  rope  goes  twice  round  another  pulley  about  3  iaeheS'in 
diameter  nxcd  on  the  axis  of  the  chum»  which  it  caufea  tuf 
make  a  partial  revolution  by  each  vibration  of  the  pendulum*  ^ 

There  arCi  likewife  Aiding  coven  tp  the  raai;hin^ry)  9XkA  ^fl6: 
other  to  the  water  troueh;  in  order,  when  h^t  water  is  ufi^t ; 
tp  fecuve  the  fteam,  and  keep  the  cream  in  a  prppor  degree  of. 
warmth.  The  motion  of  the  pendulum  is  eiven^  apd  ^QWi 
tinued,  bv  means  of  a  wooden  rod  abput  3  feef  9  inchea  ip* 
length)  which  tunis  on  a  pin  3-  inches  above  the  bqb  of  the.  poi*; 
dukim.  If  there  be  a  tranfverfe  handle  at  the  upper  ^nd  oC 
this  wooden  ro^  a  boy  may  give  iinotiiitn  to  the  chi^nu^itfa  grem: 
facility,  even  ' while  fittings  the  a£kion, being  ihi^n  mui:h  JilMPl> 
that.of  rowingf  one  of  the-^ft  advantageous  melhodM}£'fk{^ 
plyii^ human  fotjce. . .       ',  -\  *;. .  ^r^  ?^ 

jkA^  fig.  8,  pi.  XIL  is  the  body.  3i  am  opening  by  wh§ch  t^ 
cfeajn  is  out  in.  ;  Q»  the  «over  of  tbe>large  opeiMAg.  <  the/inai^ 
bo^  on  tnc  qpfoStt  fide  of  the  chiirR  cannot-  bfc  rfl^n^a.  in^l^k 
view*  Qi  the  gudgeon  on  which  the  body  q£  thc.ckurti  ba^^g^ 
Ei^the  uppi^ror  largef  puUy.  F,  th<;  finaVhnr  puUty  fisedijon 
the  axis  oii  gudgeon  of  the  qh^m, .  GGj  ibe  lod^^l^tht  §9^ 
4dum  ,hai)i^ig;from  die  upper  pu^yE.  1&  the  bdb^of  ^O: 
pendulum.  U,  the  handle,  moveable  on  a  pin  at  «^.by  wfakh^ 
die  pqidiUum  it.  moved  to  and  fm,  qsaking  a  traivcrfe  in  farm 
qS  the;  dotted  Ime  KK*  L,  the  trough  far  the  hot  or  i^, 
water.  ,  JA^  a  p^*e&ing  piece  of  wood,  with-  a  fli^ldei^  ^j^ 
wHich  the  handle  I  i^  fupported  when  the  dium  is  iiei;  ^ 

«r«rk.  .^  .    '    '  J  *-■; 

..  ^LOC^i^z  nf^hine  now  conftruded  infuch  a  maiipi^  asRMiKr 
vegtdat^  Inr  the  uniform  motion  of  a  pendulum,  ^^jafrifi§fytj^ 
t^,  aad^  all  its  fubdivifions,  with  great  eaca^^nefe.*^  ^  Befpril  ^11^ 
i^vjpi^l^of  .U^e^pendulum  a  balance^  not  unyke,  the  flyct^t% 
kitchen-jack^  was  ufed  tnftcad  of  it*  .  Q<k4^  VfT^  Jil  &iL  ^4)^ 
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ihewed  th^  hbift'^y  tfe  mObWiif^  «lfio '  ^^  "  *  **  -  '"^^^ 
*  The  invefi^ii  o^  «)6gIA  ^Mrkh^^iMNb  «  ftl^Hl>eatb4>aelffeii^^' 
ai^hdeacon  of  Veroifa»  itf^Ofe  ^^<^ttt^;^if  the'^el^d^^ 
cfi^rfoph  quoted  by  UglidHy  aM^bo»r)^#eA  b)^Mmi^^ 
liiui:  Othets  attribute  the^iii^^tk)^  «[>  fioa&Hi9/'aUdut>'th(r 
yfeat^ia*  *  "  •**  *  "  -  -'•  '  • -'  '  •  •-  -'•-  ^'  ':*-"-'•' 
Mr.  Derham,  h<^lw«v6^,  iliiteV  d$fcV%dtfcIdf  ft  fntich  oMi^ 

rate;  i^nking  Atchl]iiede»*s  fph^r>rin<^^to>!€fa'^y^ '6^^ 
aj^^hat  irf  Pofidd^itiSj'ntcrttloned  by  Gi^ero^  amb^g  ftiachlnei^ 
of  thb  kinds  not  that  either  their  fcnrm  or  tife«#as^  the  fanSe? 
withthofe  of- ours,  but  that  th<»J^  had  their  irioti6n*  tx6'ki  fome* 
bidden  weights  or  fprings^  with  ^ee&or  puBeyii-er^tnefildi 
db^bnrork  principle;  -•  j^  -     .   -f 

Ift  the  Difquijitiones  Mofta/Hae  of  BtnciyEttii  HaHftcn,  piibai^ 
liflied  inth^  year- 1644,  he  fays,  ^hat  elocks  wtre  invented' by 
Silv^fter  the  4th,  2  mot^k  of  his  Ord*r,  about  thfe  year  998,  ai* 
Didiiiiarus  andBozius  have  fhthimi  for  before  that  time  they 
hid  nothing  but  fun-diuls  and  clepfydrae  to  (hew 'the  hour.— 
Genrade  Gefner,'ix^  his  Epitonfie,  page  604,  &yd)  that  Richard 
Wafiingford,  aa'Engliih  abbot  of  St.  Albans,  who  flourished  iit 
the  t^ar  t'29.69  made  a  urenderful  clock  by  a  mbft  excellent  at't^ 
die  Jibe  of  •  which'ckmM  not  be  produced  by  alhEuropei-^Mbtiitrit^ 
ilnder'&e  w^d  HoMoge  du  Palais,  fay9,  that  CharW  the  TxiAt^ 
dOied  t}^  wife  king  of  France,  ordered  at  Partf  tfa€  firft  lar^^ 
dock  \Q  b^  rtikdfe  %j  Ilenry  devVie^whom  he  fent  for  frotn 
Garaiaiiy,  ftkld  fet  it  iipt>ti  tile  tb#i»''^f  His  p^tsbfvct  the  year' 


l372.'^}ohn  Froiflart,  in  his  Hifloire  ti  ChrM^ue^  ^vbli'i^  ^ap.. 
aS/ffliy^,  the  duke  c»f  vBoufgogi^^Wd^  i^  cteek  #liicK^  founded 
the  hout,  taken  away  froni  the  tti^bf-Coortrariiy'lhfcywf 
7362  ^  and  tfie  fame  thing  i^fafdbjr^  \<^iil»m  nvafltil  in  W 
Jinriak  deBourgoghe.  "*  ^  *  •'  ^*  ^^^'  '  ' ^'  -  ^  -^•'  ^  *^^  -  *''.' 
€k)ck-niakeri  illrere  firftinf^oducedStiiltOi^BnglanAVin  i'ibBf 
Wkeit  Edward  the  Third  ^'granfbdli  licence  fcf^^tlViie^rtifts  \^ 
CoibA^i¥tr  {torn  6blft/m  UdtaM^iiftcri^ffift^t&rir^iC^ujyaftod^^ 
in  this  C^ouittry.    '•  ^   *    "■     *••'.*-•  v.. a  ,e    .•:     ••  :  ,L  .   ..;.:>q 

'^The  watex^clodcff  or  ^p(y^itifi'aM-f(^-4ia!5>>aTe  bdih  a 
sbQdi  befter  clidm  to  aniT<^ifyi)  4'he¥ffench  aiithUs  menriotl 
one  of  the  fdfmer  kiitd,  irentbY'Aa1N»n/:kthg  j&f  Feifia,  fb  ChliMeV 
ihagne,  about  the  year  SbTlfwKfidftitii^oQrd^feein  bore* feme  Ye» 
femblance  to  the  modern  clocks:  it  was  of  brafs,  and  ihewe<f 
the  hours  by  m  4iti)e  Wis  df  the  fahie  metat,  which  ^^t  thee^d 
tf  each  {lour'fell'tkpdo  arMI,  and  made  a  found.  There  weri^ 
1^  t^gaxt^  of  12  eavadtets;  Winch  at  the  end  of  each  hour  came' 
out  thieoy(A'  eerttdfli  iij^eitures'  or  windows  ia  the  fid«  of  the 
,dM^  aMT^rthem>ttg(iiii|  «^r^'   -  '    *' 
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The  mventloD  of  p^ndulutn  clocks  la  owing  to  the  happy 
induftry  of  the  laft  age;  aod  the  honour  of  that  discovery  is 
^fputed  between  Galileo  and  Huygens.  The  latter,  who 
wrote  an  excellent  volume  on  the  fubie£t,  declares~it  was  firft 
put  in  pra£kice  in  the  year  1657,  and  the  dcfcription  of  it  print- 
ed in  1658.  Becher,  Dt  Nova  Trmporis  dimetiendi  Theoria^anno 
16^0,  contends  for  Galileo ;  and  relates,  though  at  fecond* 
band,  the  whole  hiftory  of  the  invention;  adding,  that  oncf 
Trefler,  clock-niaker  to  the  father  of  the  then  grand -duke  of 
Tufcany,  made  the  firft  pendulum  clock  at  Florence  under  the 
dire6lion  of  Galileo  Galilei,  a  pattern  of  which  was  brought 
to  Holland.  And  the  Academy  del  Cimento  fays  exprefsly, 
that  the  application  of  the  pendulum  to  the  movement  of  a 
clock  was  firft  propofed  by  Galileo,  and  put  in  pra£^ice  by  his 
foh  Vincenzo  Galilei  in  1649.  ^^^  whoever  may  have  oeen 
the  inventor,  it  is  certain  that  the  invention  never  flourifhed 
till  it  came  into  the  hands  of  Huygens,  who  infifts  on  it  that,  if 
ever  Galileo  thought  of  fuch  a  thing,  he  never  brought  it  to 
any  degree  of  perfe£);ion.  The  firft  pendulum  clock  made  in 
England  was  in  the  year  1662,  by  one  Fromantil,  a  Dutchman. 
After  this  brief  fketch  of  the  hiftory  of  clocks,  which  may  be 
Interefting  to  fome  of  our  readers,  we  (hall  give  a  dcfcription  of 
a  modern  clock  according  to  the  moft  approved  conftru&ion. 
The  firft  figure  of  plate  VIII.  is  a  profile  of  fuch  a  clock  ;  P  is 
a  weight  which  is  fufpended  by  a  cord  that  winds  about  the 
cylinder  or  barrel  C,  which,  is  fixed  upon  the  axis /?,  tf.;  the 
pivots  by  by  go  into  holes  made  in  the  plates  TS,  TS,  in  which 
they  turn  freely.  Thefe  plates  are  made  of  brafs  or  iron, , 
and  are  connected  by  means  oi  Jqut  pillars,  Z,  Z;  the  whole 
together  being  called  the  ^aw/.  The  weight  P,  if  not  re- 
ftrained,  would  neceflarily  turn  the  barrel  C,  with  an  uniformly 
accelerating  motion,  in  the  fame  manner  as  if  the  weight  were 
falling  freely.  But  the  barrel  is  furnifhcd  with  a  ratchet-wheel, 
K,  K,  the  right  fide  of  whofe  teeth  ftrikes  againft  the  cliclc, 
which  is  fixed  with  a  fcrcw  to  the  wheel  DD,  as  rcprefented 
in  fi«r.  2  J  fo  that  the  a£kion  of  the  weight  is  conununicated  to 
the  wheel  DD,  the  teeth  of  which  adi  upon  the  teeth  of  the 
fmall  wheel  d^  which  turns  upon  the  pivots  r,  c.    The  commu- 

^  nication  or  a£lion  of  one  wheel  with  another  is  called  the  pitcb'^ 
ing :  a  fmall  wheel  like  d  is  called  a  pinion^  and  its  teeth  are 

'  called  Isavfj  of  the  pinion.  Several  things  are  requifite  to  form 
a  good  pitching,  the  advantages  of  which  are  obvious  in  all  ma^ 
chinery  where  teeth  and  pinions  are  employed.  The  teeth  and 
pinion-leaves  ihould  be  of  a  proper  fliape,  and  perfe£Uy  equal 
among  themfelves :  the  fize  alfo  of  the  pinion  fiiould  be  of  a 
juft  proportion  to  the  wheel  a£Ung  Into  it., 
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^  The  whed  E£  is  fixed  upon  the  axis  of  the  pinion  4/ ^  and 
the  motion  communicated  to  the  wheel  Dp  4)y  the  weight  is 
cranfmittcd  to  the  pinion  d^  confequently  to  the  wheel  £.E»  as 
•Hkewife  to  the  pinion  e  and  wheel  FF,  which  moves  the  pinion 
yi  upon  the  axis  of  which  the  crown  or  balance  wheel  GH  is 
fixed.  The  pivots  of  the  pinion  y  play  in  holes  of  the  plates 
LM,  which  arc  fixed  horizontally  to  the  plates  TS.  In  a  word, 
the  motion  begun  hy  the  weight  is  tranfmitted  from  the  wheel 
GH  to  the  palettes  IK,  and  by  means  of  the  fork  UX  rivetted 
on  the  palettes,  communicates  motion  to  the  pendulum  A0, 
which  is  fufpended  upon  the  hook  A.  The  pendulum  AB  do* 
Tcribes,  round  the  point  A,  an  arc  of  a  circle  alternately  ^oing 
and  returning.  If,  then,  the  pendulum  be  once  put  in  motion 
by  a  pufh  of  the  hand,  the  weight  of  the  pendulum  at  B  will 
^ake  it  return  upon  itfelf,  and  it  will  continue  to  go  altemateii^ 
backward  and  forward  till  the  refiftance  \oF  the  air  upon  the 
pendulum,  and  the  friAion  at  the  point  of  fufpenfion  at  A, 
deftroys  the  original  impreffcd  force.  But  as  at  'every  vibra- 
tion of  the  pendulum  the  teeth  of  the  balance* wheel  GH  ad  fo 
upon  the  palettes  IK  (the  pivots  upon  the  axis  of  thefe  palettes 

Elay  in  two  holes  of  the  potence  s  /),  that  after  one  tooth  I| 
as  communicated  motion  to  the  palette  K,  that  tooth  efcapes  \ 
then  the  oppofite  tooth  G  ads  upon  the  palette  I,  and  efcapes 
in  the  fame  manner;  and  thus  each  tooth  of  the  wheel  efcapes 
the  palettes  IK,  after  having  communicated  their  motion  to  the 
palettes  in  fuch  a  manner  that  the  pendulum,  inftead  of  being 
ftopped,  continues  to  move.  The  wheel  EE  revolves  in  aa 
hour ;  the  pivot  c  of  this  wheel  pafles  through  the  plate,  and  is 
continued  to  r  ,•  upon  the  pivot  is  a  wheel  NN,  with  a  long 
focket  failened  in  the  centre  5  upon  the  extremity  of  this  focket 
r,  the  minute-hand  is  fixed  The  wheel  NN  ads  upon  the 
wheel  O ;  the  pinion  of  which  p  ads  upon  the  wheel  gg^  fixed 
upon  a  focket  which  turns  along  with  the  wheel  N.  This 
wheel  ^^  makes  its  revolution  in  la  hours,  upon  the  focket  of 
which  the  hour-hand  is  fixed. 

From  the  above  defcription  it  is  eafy  to  fee,  i.  That  the 
weight  P  turns  all  the  wheels,  and  at  the  fame  time  continues 
the  motion  of  the  pendulum.  2.  That  the  quicknefs  of  the 
motion  of  the  wheels  is  determined  by  that  of  the  pendulum* 
3.  That  the  wheels  point  out  the  parts  of  time  divided  by  the 
uniform  motion  of  the  pendulum. 

When  the  cord  upon  which  the  weight,  is  fufpended  is  en« 
tirely  run  down  from  off  the  barrel,  it  is  wound  up  again  by 
means  of  a  key,  which  goes  on  at  the  fquare  end  of  the  arbor  at 
Qj  by  turning  it  in  a  contrary  diredion  from  that  in  'which  the 
weight  defcends.    For  Jliis  purpofe  the  inclined  fide  of  the 
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^Heth  ofth^  WliiSW  ft'tSif-  i-1  :mn6>i«r^fc«  clfek  6,  <b  tfot  ^te 
.^ratchet-wheel' R  tifms'wftilc'Hhe  tirheel  D  w  at  reft  i  %tit  aSi 
Yoon  a%  the  cord  js  Vouti<f  ^p^'flife  click  falls  irt  between  tite 
"teeth  of  tfie  wheel  D,  iaiufAe  right  fide  bfthie  teeth  again  aft 
'iipott  the  enfl  of  the  click;  wWtb^ligcs  the  wheel  D  tbtuA 
>lotig  VitlJ- the  barrel  5  atid  the  fpfmg  A  keejJtf  the  click  W- 
iweeti  fie  iccth  of  iht  ratchet  wheel  R. 
^  We  ihall-  Ti6w  explain  bow  tim^  is  mearuf ed  \^  the  iwof ioii 
ibf  the  pcndidum^  and 'how' the  wheel  E,  upoft  Ae  arxil  ctf 
"which  the  intnute-hatid  is  ftxed^  makes  but  one  precife  revohik* 
tfon  in  ah  hotit.  The  vibraifions  df  a  pendulum  are  perfdftned 
in  a  fli6rter  or  longer  time  in  proportiot^  to  the  length  df  the 
'^ehd'ultfm  itftlf.  A  pendalitm  of  39^^-  tliches  in  lei^gth  iliakes 
gtfoo  vibrations  in  an  hour  :-V.  /.  cacn  ribration  is'perfom\ed'in^ 
t^cond  oPtiTn^,  and  for  tft^  re^foh  ft  is  c^ltd^ficondpendulufk. 
But  a  pendulum  of  ^^  inches  makesf'^sek)  Vibratiotifl^  in  an 
iiour^  or  two  vibrations  in' st  fecohd  of  time,  and  is  called  iikl^ 
fecoHdpindtilutn.  Hencejl  in  conftrud:ihg  a  wheel  whofb  rev(:^ 
jutioA  muft  be  performed  in  a  giv^n  ti^e,'tbe  time  of  thtsVibt^ 
tions  of  the  pendulum  which  regtdates  i^  nnotibti  muft  be  A^btt- 
fidered,  Suppoflng,  then,  diat  the  pendulum  AB  makes  7^60 
Tibrations  in  an  hour,  let  us  confider  how  the  wheel  fifliall 
take  up  an  hour  in  makings  one  revolution.  >  This  entirely Me« 
jpends  on  the  number  of  teeth  in  the  wheels  and  pinions,  '^tf 
We  balance-wheel  Confifts  of  3oteeth»  it  will  turn  once' iii  this 
^thne  that  the'  pendulum  makes  6b  vibftitions:  for  at  everV'ttM 
pf  the  Wheel  the  fame  tooth  afts  dnce  on  tfad  palette  I,  %fA 
once  on 'the  palette  K,  which  occafions  tw6  feparate  vibraticM 
In  the  p^duluil)  \  an^  die  wheel  having  30  teeth  itoccafiotift 
twice  30,  or  60  vibrations.  '  Confequently  this  wheel  muft  pei^ 
^rm  120  revolutions  in  an  hour ;  becaufe  60  vibrations,  whiek 
It  Octafions  at  every  revolution,  are  contained  lao  times  ill 
^aop,  the  nuiiihet  of  vtbrations  performed  by  the  pendulum  \k 
iXi  hour.  Now,  til  order  to  determine  the  number  of  teeth 
for  the  wheels  E  F,  and  their  pinionft  #yj  it  muft  be  remaifkdl 
that  one  revolutidh  6f 'the  wheel  E  muft  turn  the  pinion  #  M 
many  times  a^  the  number' of -teeth  in  the -pinion  is  contained 
lii'the  number  of  teeth  In  the  Wheel.  TTius,  if  the  wheel  E 
Contains  72  tc'eth,  and  the  pinion ^r  6,  Ihe  pinien'wtll  make  la 
devolutions  in  the  time' Aat  the  wheel^tfrt^s  1  $  for  each  too^ 
;qf  the  whieel  drives  for^aU-a  to^th  of  the  ptolon;  and  when  tlift 
*<f  tfeeth'of  the  plnfenarembvi^d^  a  conlplete  revolution  is  per« 
formed  J  but  the  Wheel  E'*a»lytiiat  thne  only  advanci^'tiS 
teeth,  and  has  ftill  66  to^dvaftc6^ef(6re*its\r^v61Urion  be^Mlni* 
bleted,  whichr  w3I  dicafien  if  mto^'riwlUtidMs^of  liie«|>h^t^ 
For  the  fame  reafon  the  wheel  F  having  60  teelhj  and  iIm 


^eifarm9  x. ;  .NQ\f  the  wheel;  I^  hwigj^uxneo^^iiy.  %he,  piniop^r 
^aoA\m^l,2  ^eyolutions  for  one  of  the  whi^l  £  %  and  ^the  ^iruoo-^ 
snakes  ID  revolutions  for  one  of  the^^ wheel  ^FixrpnTequentljr  t^ 
'fiM^onJCperforpas  lo  times  1-2,  or>iao,  revoUitioni  initlie  time  tjlie 
.Whssel  £  performs  one.  But  the  wh^l  G/  whicL  is  ^tVhed  hj 
the  pinion^  occafions  60  vihrations  in  the  i>endiilum^ each:  dapie 
i%  turns  rounds  cpnfequently  the  wheel  G  ocjcafions ^o  times 
^izey-or  ffp^  vibrations  of  the  pendulum  while  the. wheel  E 
4ier£^^m9  one  revolu|ion  i  but  fzoo;  is  the  nupber  of. vibrating 
waide  by  the  pendulum,  in  an  oo)ir,  and  confequentlv  the.  wheel 
^{)erfonnm  bur  one  revojiutio^  in  anhouf ;  and  fo  ot  the  reft.  . 
I-  .  From  this  reaipning  itis  eafy  to  di(cover  how  .a  dock  may  be 
^nadcLto^goifor  anv  length  of  time  without  being  wound  up. 
J.  By  incre;afing  ^e  number^f  the  4eeth  in  the  wheels.  2*  pjjr 
jcUimniihing  the i^un?ber  of  teeth  in  thepinionst  3.  By  increaf* 
.ing  the  lei\gth  of  the  cord  that  fufpenids  the  weight;  4.  B|r 
ifu:rjKifing  .the  length  of  the  pendulum.  And,  5.;By^<^dipgtp 
.Renumber  of  wh^ls  and  pinions-  But  ii;^. proportion,  as  t^ 
.time^ls  augmentaji  i£  the  wcightQondnues  the&me,  thefon^ 
^which  it  Gommuniqites  to  the  ]afi  rwbeel  GU  wj^  be  Si^ 
'niflied. 

If  onl^  resiains  to  take  notioe  of  the  n^n^ber  of  t^^th  in  (Iub 
•wheels  whith  turn'  the  hour  and  minnte^mcis*  Th^  ^Wi' 
•performs  one  revolution  in  an  hour}  the  wheel N  Kf  .wn|cl^i 
tmrped  by  the  axis  of  the  wheel  £,  muft  like  wile  make  only  om 
^Vol(itk>n  in  the  &me  time  1  and  the  minute-hand,  is  iixe4 
4a  the  (ocket  of  tMs.  wheel.  The  wiieel  N  has  30  teeth*  anjt 
J9£i»  upon  the  wheel  O,  which  baa  like  wife  30  teeth,,  an4.  the 
iSuae  diameijter,}  confequently  the  wheel  Q  ukes  one  hour  to!  f 
devolution:  now  the  wheel  O  carries  the  pinion  pi  which  ha^ 
,4  teeth,  and  which  ads  upon  the  wheel  q^q  of  72  tcicth ;  go(^ 
{f^^i&ently:  the  pinion  /  makes  12  revolutions  while  the  wheel  ^^ 
ffiiake^jone^^nd  of^courfe  the  wheel ^f  takes  labour^  to, q|^ 
ivi^Fiirfutien  i  itad  upon  the  ibcket  of  4his  wheel  the  hoi^r-hand^is 
^x(^  ..Mu<;b  that  hi»  heen  faid  here^, concerning  revolution 
'Df -wheels,  &fc..  is  equally  applicable  to  washes  9s  to.  clocks.^  ^ 
.:!  But. it  is,  time, to  fpeak.of  thf  (liikii^  »part ;  in  whicht 
indeed,!  a»  wfU  s|a  tbi|  othe|\  paft  of  s^  cloqc,  thete  is  room  for 
igrs»t  r^awetf  and  Apic^  in^the,  ^p^^r^on.  ,The  wheals 
:«6i|41jt*€0mpofing  tjbis.'p^  ^re,  the  great  nr  firft  wh<:el,  which 
Je^iinove^  by  the-y^HSht^oir  fprine  at  the  barceUin  fixteei^  or 
^Uiiyrhol^  elocks^T^hif  lijts  jifuf4ly< p^  a^nd  W  called  tjh|Cl^<V 
.iKii^/£jint/eig)lMsiy  pieceil  ^jfeopod  wheel  b  connp^only  ihjB 
|ttiH«^Mei|  »afl«rifc^r^h<iefcri  v}^9fejs,JTO       by.^g  fprn)ef% 
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Ifl^jfi  to  the  ftciking^^eel  is  |the  ietcntf^h^t  or  liodp-^edy 

,h^yu?g.a.  l)ppp  ali>)oft;  rouadvit^  ^|)erein  is  a  vacancy  at  which 
the  clock  locks.  The  next  is  the  third  or  fourth  wheel,  acccfdr 
ing  to  it§,diftance  from  ih?  r^ft,  called  the  warning- wheeL  Thq 
Lft  is  the  flying  pinion,  with  a  fly  or  fan,  to  gather  air>  and  fo 

•br  die  tKe  rapidity  of  the  clock's  motion.  To  ihefe  muft  be 
added  the  pinion  of  report i  which  drives  round  the  locking* 
wheel rC^Ued  alfo  the  count^njjheels  ordinarily  with  eleven  notches 
in  it,  unequally  diftant,  to  make  the  clock  ilrike  the  hours^ 
Befides  the  wheels,  t6  the  clock  part  belongs  the  rafh  or  ratch; 
a  kind  of  wheel  with  twelve  large  fangs,  running  concentrical 
to  the  dial'wheel,  and  ferving  to  lift  up  the  detents  every  hour 
a!kl  make  the  clock  ftrike:  the  detents  or  (lops,  which  bemg 

,  lifted  up  and  let  fall,  lock  and  unlock  the  clock  in  (triking^. 
the  hammer,   which  (Irikes  the  bell;   the  hammer- tills,  by 
which  the  ftriking  pins  draw  back  the  hammers ;  latches,  where- 
by the  work  is  lifted  up  and  unlocked;  and  lifting-pieces  which 
lift  up  and  unlock  the  detents. 

In  t)ic  year  1803  the  Society  for  the  Encouragement  of  Arts, 
^c.  prefented  to  Mr.  John  Prior  of  Nefsfield,  YorkQiire,  ^ 
reward  of  30  guineas,  on  account  of  his  contrivance  for  the 

finking  part  of  an  eight-day  clock.  As  this  invention  is  likcl; 
to  be  ufeful,  we  (hall  defcribe  it  here.  It  confills  of  a  wheel 
ind  fly,  with  fix  turns  of  a  fpiral  line,  cut  upon  the  wheel  for 
the  purpofe  of  counting  the  hours.  The  pins  below  this  fpiral 
elevate  the  hammer,  and  thofe  above  are  for  the  ufe  of  the  de«r 
tent.  This  fingle  wheel  ferves  the  purpofe  of  count- wheel,  pin* 
wheel,  detent-wheel,  and  the  fly-wheel,  and  has  fix  revolutions 
in  ilrikifig  the  1 2  hours.  If  we  fuppofe  a  train  of  wheels  and 
ipinions  ufed  in  other  ftriking  parts  to  be  made  without  error, 
and  that  the  wheels  and  pinions  would  turn. each  other  without 

•  fliake  ot  play:  then,  allowing  the  above  fuppofition  to  be  true 
(though  every  mechanic  knows  it  is  not),  Mr.  Prior's  ftrik- 
ing part  would  be  found  fix  times  fuperior  to  others,  in  ftrik- 
ing the  hours  if  2)  5,  7,  lo^  ii)  twelve  times  fuperior  in 
ftriking  4,  6,  B;  and  eighteen  times,  in  ftriking  3,  9,  and  12* 
In  ftriking  2,  the  inventor  purpofely  made  an  imperfedion 
equal  to  the  fpace  of  three  teeth  of  the  wheel ;  and,  in  ftriking 
3,  an  imperfedion  of  nine  or  ten  teeth;  and  yet  both  tbefe 
hours  are  ftruck  perfedily  corre£L  The  flies  in  clocks  turn 
round,  at  a  mean,  about  fixty  times  for  every  knock  of  the 
kanimer,  but  this  turns  round  only  three  times  for  the  fame  pur- 
pofe ;  and  fuppofe  the  pivots  were  of  equal  diameters,  the  in- 
fluence of  oil  on  them  would  be  as  the  number  of  revolutions 
in  each.    It  .woiiU  be  better  for  clocks  if  tb^y  gave  no  warning 
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at  wWi  tat  tbe  fotfil^pi^ce  to  raife  a  weiglit  fcm^what  fimilar 
to  d)e  model  Mr.  P  fent  for  the  isfpeflion  of  that  refpe^aU^ 
Soo&ty. 

Reference  to  Mr.  PriorV  Striking  Part  of  hii  Clock, 

Plate  X  fig.  I.  A,  the  large  wheel|  on  the  fsiceof  which 
are  funk  or  cut  the  fix  turns  of  a  fpiral. 

By  the  fingle  worm  fcrew»  which  ads  oa  the  above  wheels 
and  moves  the  fly  C.  ' 

D|  the  fpiral  work  of  the  wheel  A.  The  black  fpota  fliev 
the  grooves  into  which  the  detents  drop  on  ftriking  the  hour* 

£i  the  groove  into  which  the  locking^piece  F  drops  when  it 
;(lrikes  one,  and  from  which  place  it  proceeds  to  the  outward 
parts  of  the  fpiral  in  the  progreffive  hours,  b^ing  thrown  out  by 
a  lifting  piece  H  at  each  hour:  the  upper  detent  G  being  pump* 
ed  off  with  the  locking  piece  F,  from  the  pins  in  the  wheel  A. 

In  ftriking  the  hour  of  twelve^  the  locking^piece,  having 
arrived  at  the  outer  fpiral  at  H9  rifes  up  an  inclined  plane,  and 
drops  by  its  own  weight  to  the  inner  circle,  in  which  the  hour 
otii  is. to  be  ftruck,  and  proceeds  on  in  a  progreffive  modoQ 
tlirough  the  different  hours  till  it  comes  again  to  twelve. 

L  the  hammer-work  made  in  the  common  way,  which  is 
worked  by  thirteen  pins  on  the  face  of  the  fpiral. 

Fig.  2. — K,  the  thirteen  pins  on  the  face  of  the  fpiral|  which 
work  the  hammer-work. 

L,  the  outer  pins,  which  lock  the  deteat« 
M,  the  pump-fpring  to  the  detent. 

For  other  information  refpe£^ing  clockwork,  fee  the  artidet 
Balance,  Pendulum,  and  Scapement,  in  this  volume. 

Some  very  fimplc  contrivances  for  clocks,  by  Mr.  Fergufon, 
and  Dr.  Franklin,  may  be  leen  in  Fergu/in*s  SeltB  Extrcifes* 

In  die  fourth  century  an  artift  named  James  Dondi  con* 
ftrufled  a  clock  for  the  city  of  Padua,  which  was  long  confidered 
as  the  wonder  of  that  period.  Befides  indicating  the  hours,  it 
reprefented  the  motion  of  the  fun,  moon,  and  planets,  as  well 
as  poiiyted  out  the  different  feftivaU  of  the  year.  On  this  ac^ 
cpunt  Dondi  obtained  the  fumame  of  Horologio,  which  became 
that  of  hii  pofteritv.  A  little  time  after,  William  Zelander 
€onftrtt£ied  for  the  fame  city  a  clock  A  ill  more  complex;  which 
was  repaired  in  the  fixteenth  century  by  Janellus  Turrianus,  the  . 
'  mechanift  of  Charles  V. 

But  the  clocks  of  the  cathedrals  of  Strafburgh  and  of  Lyons» 
are  much  more  celebrated.  That  of  Strafburgh  was  the  work 
of  ^nrad  Dafypodius,  a  mathemattctan  of  that  city,  who  finiih- 
ed  it  about  i573«  The  face  of  the  bafeniene  of  this  clock  ex- 
hibits three  dial-plates^  one  of  which  is.  round,  and  confifts  of. 
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lx^^}X,je^oiiJifi(^>m^tyi99^         fer^a  |:<>.  «Mrk.  the  days  rf 
i^iy^f  ^e  fe&ValfLar^cifeir^c^^  ith«  calen^r. 

.P^^,S^5^Mi?^*'j^^]-F^^*  jirefCqu?r^t>^4  FfofV4  to  lodicme  the 
bJe}ij^!^f^tU^oCtthe  iGaT>  iy\^jt\ikpn;kooa^,  Above  the  middle  dial^ 
]|^atc^ad  jA^thf  attLc.fp^e  q^^^b^etnent,  thftdfiyt  of  the  M^eek 
>re  kepfe^nifid,b7,  4.ifft  fijkfspof<e^(l  to  pngfide:oi«r 

\^-{|lanet6.|foa^  ^hu;h^ their  Q9iwit>QappelUtion$  afe  derived. 
T^^,4^vmty,vit^c.puri^^  «pp^qr$  m  a  car  relUng  orcr  th^ 

cIouHsi  and  at  hiidnight  set)r/e8r,4fo  give  pUcpeto  the  iuceeediiif^ 
«nev;J3tffore  jtbe:J)^ffpe^  glt>be,  borne  on  d>e  "viADgs 

pf  a . pellcaii^  arpiijin^  iyhifh^tha>Ain  and  moon  revolved;  add 
."viFbicK.mtl^at  manner  ^epr^ienied  the.  n^otion.  of  thefe  pbnets: 
but  thU  part  o£  the.machipe;<9s  wd)  as  Ceveral  others,  has  he«^ 
deranged  ior.f  jopa  ti^et;,  Xhe;  oraamenul  turret>. above  this 
baferoenti  exhibits  chiefly  a  Ifrge  dial  in  the  form  of  an  aiUohbei 
yhich  Qi^MTs  the|  aonual^HkOition  o( the  fun  and  moou  through  th^ 
ecliptiGythe  hours  of  thc;^^^  &c^  The  phafea  of  the  moon  ait 
feenalfa marked  oaton^ipardci^lar  4i|kl'P)at^  ^bo^*..  TjfkwQirbH 
remarkable  alio  for  a  a>QGderabt^  aiTc^hlaf^jEif  la^l^^  figorea^ 
^hich '  peKforn)  difierent  giotipAs.  /  Above  ibe-m-plate  laft 
mentioned^  far  efampie^  t}^%  ^r  agi^s  jqF  ^^a^lere  repreieiiicd 
l^j  fymbolical  ^gures;  ,gt^  p^ffe^  f^i^  quarlier-o£  an  hottr^and 
inarms  the  <)uaner  by.  ilj^lfing  o^r  fniall  beli^^;  Ihefe  figures  arc 
followed  by  Death;  who  is  expelled  by  Jefus  Chriib'Tiifefv  from 
the  grave)  who>,  bow;ve^ir;peffpi$»ci(  ^otrfottud-the  hoiiV/in 
order  to  warn  man ,t3bat  ti;iK;  '}^(mii^€  wuig*  Two  fifiatt  ai^^ 
perform  movemept^  piijq^^,^^^k\pg  js^i:Mi  yilh  a  icepo^ 
while  the  oth^r turns  an/h<^^'l^f8'<^i^ttp**niliQn;ofjan'J)0ur» 
)Q.the  laftpl^ce.  %his.Y^9f)fjWz$jd9f^Qm^4^^r^^ 
which  emUte^/oupdsfin;»jil^j)^tq';^hek  4^ii|i^i  i(«»ce9 ;  TbtiMiono 
of  thi^m  now  rfgovainsipex/^qpt  ih^^.t^Ql^KUshMhici^wi-iniaiediH 
ately  Wor^  t^/fiow.,ftrfk^  fir^>(lt^Q)^g  cml.««S:aMck2im{ 
iJ^ppirtg  itsr.iRriMs..  4ndwd,frt{i8  i^beiifJIgwtt^*  ihal  a?  grcit 
part  of  this  macpme: is  i^qw  entjl^iy  derange^  ^,,  u 

^  The  clonic  of  ^^  c^e^^^  pf  jUyotns  if,  pf  *  Iclfa .  lize  -^n  dwl 
.(>f  Straibu^giii^hu^.ii^  not  ipferi|0i;.tp^k.iiv^he.yajoiet.7  of  its  move* 
Aientsi  it  has  the  adyat^f^gie.-alfppfibQiag  JA.a.gc^ 
|t  is  the  work  of  Lippit^s^  4e  ^fl^.^ndrNiras  oj^C^diogly  wdi.re4 
paired  in  the  la{l.centi:^y  by  ap, ingenious) dock- maker  of. Lyeni 
pamed  NouriiTon*  Like  that  pf  SifTf^ibib^ghi  it  exhibits  OQ[iiUiFe«« 
fnt  diatplaces  the  apnu^l  and  diurp^l  pi;^gref(|.of  the^^uftianA 
^9^n»  the  days  of  the  year,  their  .lengths  apd^^QM^hole^akn^las^ 
avil  .as;  well  as  ecclefiailic.  The.  day?  o^  tb^  week  ut  indicated 
|y.,fymhp^  more. analogous  to  t)>e-(pigce7vrhfifDi<lhe:  oloe|)ii 
ir.^Q4;,.tbe.h9ur8  are  anopqpai^  |^9;t^>:fitQi«i^|J(tfAAi  HBteH 
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4bce«  ^liie»'Vq[$^ted  iifrer  it  has  daj^ped  its  wings«  aftd^iaade 
«ftiiious  other  fnoveimilts.  Whcfi  the  cock  has  done  crowing 
^ageis  appear;  wfaoi  b]f -ftrikWig  Ti^ua  bells,  perform  the  air  of 
4i  faymni~  thd'atnmhciation  dfth^  Virgin  is  tepttfented  atfo  l^ 
^moving  figfures,  and  by  the  defcent  of  a  dove  from  the  clo«ids| 
And  after  this  tnediamcal  exhibition  the  honrftrikes*  On  one 
irf  die  fide^of  the  clock  is  feen  an  oval  dial- plate,  where  the 
lioiirs  and  minutes  are  indicated  by  means  of  an  index,  which 
lengthens  or  contrdfis  itfelf,  according  to  the  length  of  the  iemi« 
^^tiutietev  of  the  elKpfis  over  which  it  moves.  '    '' 

Avery  curious  clock,  the  work  of  Martinot,  a  ceteVrated 
ciocVmaktrr  of  the  feventeenth  century,  was  formerly  to  be 
ieen  in  the  roy»l  apartments  at  Verfaillcs.  Before  it  ftruck  the 
Iwur,  two  cocks  onthe  comers  of  a  fmall  edifice  crowed  altei<- 
asltely^  clapping  their  wings:  foon  after  two  latetal  doors  of  the 
ledifice  opcitcd,  at  which  appeared  two  figures  bearing  cymbals^ 
beat  upon  by  'a  kind  of  guards  with  clubs*  When  thefe  figures 
inM  retired,  the  centre  door  was  thrown  open,  and  a  pedeftal^ 
fuppovtriig  an  equeftrian  ftatue  of  Louts  XIV.  iflued  nrom  it; 
iratle  a  group  6t  clouds  feparating,  gave  a  paflage  to  a  figure  ol 
ifaine^  which  came  and  hovered  over  the  ftatue.  Ah  air  was 
then  performed  bv  belli :  afief  which  the  two  figures  re-entered) 
Itotwo  gu;irdsraifcd  up  their  clubs,  which  they  had  lowered  as 
if  oat  of  refj^ed  for  the  prefence  of  the  kiAgj  and  the  hour  wa$ 
then  ftriicki'  ^    - 

.:.  While,  however;  we  have  thoiigH  it  right  to  defcribe  thef^ 
SDgpiioos  performafii:ds  oP  foreign  artifts,  we  muft  not  neglefl 
loiUKiition  the  equally  ingenious  workmanship  of  Tome  of  our 
ofwaicoantrymi^n;  ^'^  now  refer'  to  two  clocks  made  by  Eng* 
UAi  aittfl%  'm  41  pMfent  from  the  Eaft-India  company  to  tne 
emperoriof  Otiita.  Thefe  two 'clocks  are  in  the  form  of  chariots^ 
iaieaehiof  whteh  alady  is  placed  in  a  fine  attitude,  leaning  hef 
tight '^HMdopM  a  part  of  the  chariot^  u^ider  vdiich  appears  a 
^ock  of  turiottS  workmanfhtp,  Itltle  larger  than  a  (hilling,  diat 
ftrikes  and  repeats,  and  goes  for  eight  days.  Upon  the  lady'a 
finger  fits  v  birdj  finely  modelled,  and  fet  with  diamonds  and 
foUes,  with  its  wings  expa^nded  in  a  flying  poftqre,  and'  aduallj^ 
flatters  for  a  confider^le  time  on  tOuchmg  a  diamond  button 
kelow  it :  the  body  of  the  bird^  in  which  are  contained  part  of 
Ae  vviieelsthat  animate  it  as  tt  were,  is  lefs  than  the  t6th  part  of 
as  Inch.  The  lady  holds  in  her  left-hatid'^  golden  tube  little 
diickMr  than  i,  large  pin,  on  the  top  of  which  is  a  iVnail  roun'd 
bojt^  to  which  is  fixed  a  circuhir  omaiteht  nbt  hrger  than  a 
fixpetioey  iet  with  diamonds^  whiich  goes  rotmd  in  near  threo 
houfo'ln  a  conftant  regular  motion.  Over  the  lady'g  head  i^  ^ 
4Mhlecuiiib|ftlb^>'fttpported  by  a  flnall  fluted  pillar  not  thicket 
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than  a  quilti  and  under  the  larger  of  which  t  bell  is  fixed,  at  t 
confiderable  diftance  from  the  dock,  with  which  it  feems  to 
have  no  conned^ion ;  but  from  which  a  communication  is  fe- 
cretly  conveyed  to  a  hammer,  thai  regularly  ftrikes  the  hour* 
and  repeats  the  fame  at  pleafure,  by  touching  a  diamond  button 
fixed  to  the  clock  below.     At  the  feet  of  the  lady  is  a  goldeo 

dog. 

As  the  fubjeA  of  clock  and  watch  making  is  very  important, 
we  think  the  following  copious  catalogue  of  the  chief  writings 
relating  to  it,  both  in  theory  and  pta^ice,  may  be  acceptable 
and  beneficial  to  many  of  our  readers. 

Carmen  de  aflronomico  horologio  argentoratenfi,  fcriptum  a 
M.  Nicodemo  Frifchliho  BalittgenQ^  academiae  Tubingenfis  pro- 
feflbre.     A.  D.  1575. 

Defcriptio  brevis  et  fuccin£ta  horologii  rarifTimi  aeque  ac  pre- 
tiolifTimi,  ab  ingeniofiflimo  mechanico  y$^  Davidc  Lieberkiibn 
conftrucli.     1576. 

Conradi  Dafypodii  heron  mechanicus.  Ejufdem  horologii 
aftronomici,  &c.     1580. 

Brevis  defcriptio  artificioii  novi  et  aftronomici  automati 
horologii,  cujus  fimile  ante  hac  non  exftitit;  inventi  primuio 
(iudio  et  induftria  M.  Jacobi  Cunonis.     1581. 

Traite  de  geometrie  et  d'horologiographie  pratique,  par 
Jian  Bullant.     1 602. 

Horologium  aftronomicum  Upfalienfe,  cujus  artificiofiflima 
ftruf^ura,  analyfis,  et  ufus,  &c.  Au(9;ore  Laurent,  Fornelia^ 
1630. 

Jo.  Sarazifii  horographum  catholicum  feu  univerfalci  quo 
omnia  horolbgia  fciothprica  defcribuntur.     1630. 

he  nouveau  fciatere  pour  fabriquer  d'horloges.     1633. 

jithatiajii  Kircheri  ars  magnis  lucis  et  umbrae.     1646. 

Jobannis  Baptifla'  Trotta  novum  horologium  no£lurnam  ^ 
fiellis.     1651. 

Chriftiani  Hugenii  a  Zulichem  Conft.  F.  horologium* 
X6c8.  . 

pt  was  in  this  elegant  little  piece  that  Huygens  firft  treated  of 
the  regulation  of  time  by  the  pendulum  \  and  on  this  he  entered 
more  at  large  ih  his  celebrated  work,  Horologium  ofcillatorium.j 

A  narrative  concerning  the  fuccefs  of  pendulum  watches  at 
fea  for  finding  the  longitude,  by  Major  Holmes.  Phil.  Trans. 
No.  I.     1665. 

Antonio  Tempera  Fhorologio  giufto  utiliffimo  a  naviganti.   1 668« 

Chr.  Hugenii  Zulcchcmii  Conft.  F.  horologium  ofcilktorium, 
five  de  motu  pendulorum  ad  horologia  aptato  demonftrationei 
gedmetricae.  Parisiis.     i<^73. 

I.  S.  Horological  dialogues,  in  three  parts;  ibewing.tho 
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nattlrCy  ufe^  and  right  managing  .of  clocks  atid  wat^rhes:  with  ao 
appendix,  containing  Mr.  Oughtred's  method  for  calculating  of 
numbers.     1675. 

Very  exa£l  portable  watches,  by  Mr.  Huygcns.  Phil, 
Trans.  No,  U2.     A.  D-  1675. 

M.  Leibnitz  oh  his  portable  leatches.  Phil.  Trans*  No.  1 13, 
A.  D.  1675. 

Compendium  hprologico-fciotericum  et  geometrtcum.  Cbr* 
Zuicker,     167$.  .  .; 

Fa&um  de  M.  Tabbe  de  Hnuufeuille  touchant  les  peiidalc$ 
de  poche,  contrc  Mr.  Huyghens.     1675. 

Ai.  Campani  de  Atimenis  horologium  folo  naturse  motu  atque 
ingenio,  &c.     1677.- 

Trait^  d'horologiographic  du  p^re  dt  la  MagdeUine.     i68o#. 

Z).  /.  /.  Beche^ii  de  nova  tempoti^  dimetiendi  ratione,  et  ac* 
curata  horologiorum  con(lru£tione,  theoria  et  experientia,  Loa* 
dini.     i(5Bo. 

Horologta  fcioterica  praelibata  ad  delineandani- fcioterkoh 
declinatibais  .  folaris  qjiantum  indies* '  eft  perceptibilisi  'pet  if. 
Hanbury,  Lond.     1683.  ^  • 

Horologium  horologiorum  defc/iptufn'  et  explicatum,  ab 
Joanne  Bartholo.  FichelU,  Venetiis.      1685. 

Henrici  Coetfii  Arnhemienfis  horologiographia  plana,  feu 
methodas  in  fuperficiebu^  plants  omnia  horologiorum  genera 
defcribenda  methodus.     Lugd.  Batav.     1689. 

Horqlogical  difquifltions.  'A  work  very  ncceflary  for  all 
that  would  underftand  the  true  way  of  rightly  managing  clocLt 
and  watches,     ^y  John  Smidtj  C.  M.     1694. 

The  artificial  cbck-maker,  a  treatife*  of  watch  and  clock* 
work,  by  W.  D.  [W^  Dcrham.]     1696. 

frhis  ufeful  little  work  has  gone  through  many  editions.  It 
was  tranflated  into  the  German  language  in  1708,  and  into  the 
French  in  173 1.]  ^  ^ 

Remarques  fur  la  conftrudion  des  horloges.  a  pendulei  pair 
M.  de  la  Hirey  mem.  R.  Acad.  1700,  pa.  161. 

De  la  figure  des  fusees  dcs  horlogcs  a  reiTort,  pat  M.A'^a* 
rignon,  mem.  R.  Acad.  1702,  pa.  122.  Mecan.  ^. 

The  invention  of  making  clocks  to  keep  time  with  the  fun% 
apparent' motion  aflerted  by  W.  J*  WilUamfon,  Phil.  Trans. 
Np.  363.         ' 


•Londres.  Impritme  i  Vienne.     1 7 14* 

This  curious  work,  the  author  Henry  Sully,  went  througK 
tviottseditious  ia  different  languages.]  . 


GonftmAfon  <Ptin  horlo^  qui  marque  le  terns  rrai  arec  Ie« 
nvofjen.    Par  M.  de  la  Hire.  mem.  R.  Acad.     1717. 

Horologiographie  pratiquej  ou  la  maniere  de  hm  des  horloget 
ft  pclid%  et  leg  montresy  par  le  religieux  Auguilin  P.  J3.  a 
RouetK     17T9. 


cti 

aa  moade:  digne  de  ^admiration  des  beaux  efp 

line  an  monde  de  fon  efp^cei  nouvelle  parachev^e  par  IJih^/ 

venteur,  qui  eft  le  Sr.  T.  P,afir9^  ct-derant  marchand  fabriquant^ 

eH  bas  de  foye  et  laine,,  fl  la  ville  de  Nimes  en  Languedbc.  1 72 1^« 

CdnftroQ:iiHi  nouvelte  de  trois  montres  portatives  d^uoV 
lifMiveau  balancier  en  forme  de  croix,  qui  fait  les  ofciliations  din' 
pfcndul^  tres-petitesy  &e«  par  M.  i/(f //(7«/(^«///«.     1722.     ^    «- 

Defcription  d'une  horloge  d*une  nouvelle  invention  pour  la' 
jAie  inemre  du  terns  fur  mer,  par  &uUj.     1726. 

,A  contrivanciO  to  avoid  the  irregularities  in  a  ctock^s  moUon> 
oddifioned  Ixf  the  a£tk>n  ^f lieat  and  cold  on  the  pendulum  nxJ,  b j 
Mr.  George  Graham^  watcbmakerj  F*  R*  S,  Phil.  Trans*  No.  3  j;^2«  ' 
A.D.  1726. 

Traite  g6nefal  des  horlogesi  par  le  pere  Dom  JacqUei^Alex'^) 
andre.     1734.  .  f' 

'^Moyens  de  eonftruire  un  pendule  qui  ne  pent  s^alonger  pir  ^ 
la^ateur  m  fe  racourcir  par  le  froid,  par  M.  Caflihi|.m^m'.  ft'/ 
^^Af  .  1741. .  .  .         -    r*^ 

^"Txikxh  de  lliorWerie  mechanique  et  pratique,  approuve  par . 

rAdadiemie  Royal  des  Sciencesi  par  M.  Thhtd  Taine.    1741.  "^^ 

[Much  alio  on  the  fubje£ts  of  pendulums^  fcapements^  .ftc;" 

irfaty  be  feen  in  the  account  of  machines  et  inventions  afprouyfet^ 

far  VAead.  Roy,  des  Sciences,  vol.  i  to  5.]  ,  ,-. 

*yct.  Ge9i^ge  I/qrtfnanns  IQem-Vhrmzchcrs  zu  Jena  notbiger^, 
Unterricht  von  Verbeflerung  der  Sackuhren«  durch  d^n  waagey*  ^ 
cditen  Stand,  Berechnuhg,  Aufarbeitung,  Beurtheilung,  G^* 
branch,  Stellung,  Kennzeichen  und  Probiruhg  derfelben.  175^^ 

*Traiie  d'horlogcrie,  par  M.  J.  A.  le  Paute.     1755.         ^^  ,  . 


f'dcr.  par  le  ueur  yi^^izi/ri^r.     1756.  -    ^^^ 

Jul.  Le  R^  anweifung  die  einfachen  ibwobi  als  Repc^" 
tiliibrenwohleinzurichtenundzueebrauehen.  prefden.  i759«'. 
.  'L'art  de  conduitte  etde  regler  les  pendules  et  les  montreS|; 
&C.  par  M.  Ferdinand  Bertboud.  '  1759.  '      '  * 

Moltor^s  anweifung,  wie  Geh-,  Schlag-,Repetir-,undSaGkiik- . 
ren  tichttg  berechnet,  probirt  und  traktirt  werden*  Fraok&ft^ 
am  Mayn.     ij62. 

Eflai  fur  Hiorlogerie,  dans  kquel  on  traite  de  cct  art 


n^ent  \  rufage  ciyil^  i  raftronpmi^  «  ^U^w^'i^'VCJlL^abfif-. 
&nt  de»  principes  coati'riiies  par„!l*e!cpcr)e^iiej.iiarfy)V^pr'-(4&^^, 
^7^3-  -  ,"     '"^  -..-.  ..'-,^'..  ■■  .'■.,-".-  i-,-.K 

Elements  gf  clock  and  watclj'  woi;^,  t7,.i^^(*W(^  P'l'WV-i 
1766.  "     '  ,.„,'    ..-,,_;i^^ 

An  account  of  the  going  of, M^  HApifpn'(^  Wat9l),jrt.'^e'' 
Itofal  Obfervatory  from  Mav  jt^  l^^!^,}^  ^^^^V  Wb ^liTn-i 
Together  with  the  Onginal  oolervatioi^s^nd  pal^at^oiM^of  .Ae- 
iame.    By  the  rev.  NievU  ■'W^if/)i?j^,;aJbon«me'r,,r(»jaj^,i8H^* 

'  Principles  of  Mt.  Harrifon's  timc-lc^peiv  jvkh^  platCS  pf ,  ti^ 
lam^,  pubUfhed  by  cider  of  t^^e  ,(^mml^hers!(>f.-{bMitiuKhe.~ 

17.67..  ■.  ".',''  ,' . ,  ^        '    V...".'  ",    J,  ,',,f,-^ 

ftemarics  on  a  pampdlet  "iatelj  d  ,by'tic,r5vcre(i4., 
Mr.  Maftelyne,  by  Mr.  KiT^..  ■       G   * 

'  A  tl^crlptlon  concerning.. fucli'  tp  jis  mH.'^Soi^iX 

ni^^oT  Duecnenfuration  of  tfpiCj,'b  'ai;rijvi'.  .  H^ji.  j  ' 

ifeflay  de  lamontre.marine'de,  A  mecu^Rc^,  w?^ 

RebtioD  du  voyagtf  de  W.  Ci0im,Wi,  fait  par"or<ib-'^:.yuJgoT^" 
povrexamuiei  les  Boonttfs, mjimes  -4^  J*It  ^f*f3it.^'aw^.fgf«." 
.Roy.Acad.     1769;  "■.;,      ^,\„, 

.4»itedu  precis  fu^^les  pootre^  mqrine^i  ?W(.iV^i^<ipj4}Q(i^i^ 
au,|nemoir«  fur  la  mje^lleufe  m^^ijiSw  d(:piefyrerjc-^(|pi^j«^picr, 
par  M.  if  J!<>p,  i  Leyil. '   ittS"."  '     '.j-.       ■/-, 

.  Rccherchcs  fur  le.yrai  moyjPflf-PSrf^^i.qfln^lMjRi^^rti" 
fec(Hidc3,  dcdines  a  Jii'diquer  lei  rquaii^n?  jp}ira^^pjp4^ (J(j jol^^ 
&C»par  le  ficuf  £ii/^f-fau. '  ,1770.  _V    ■,.    ■,   ..j'jVo ''   '  ■  ■ri-i  ■ 

„i|jfa  the  going  of  Mr.  Arnold's  ppelset'^q^ijoi^aoifte/:  ,gti^W, 
a'oew  conftruftion/by  Dr.  AC'ii'io^^jJrnt'.'.iij^^o.,  ^    ^.^j.  \  ..'," 

iJOefcription  nouvd!^  rf'e.la  catljedfal?, cle  St^jilb'oijigj^^t  j|e» 
faqi^ufe.tour,  parM-.y^M. Sf/j?t;f/£S^<:w^.      ifj!?-'^.,  ,  1  ,  ,..5.*"  [j 

^^^^Ine  montre  paft^eyliere,.  nQfiynie  ^Jm^nadi  eii.  i3[^Wr|[-fcj9jj, 
mgitte  ila  Jablbhpv-lky.^par  M.  ^■j^mr«f,._^,i77,6r   ,  ,.   ,',jj|j 

stffib.   JSar^^i'  experiment  a   cifc^  IpiigUFidinein ,  piinduh 

Cn9plicis^n?jh^ta,.fccuii(la,iColae  j^' A^changfilopo^iiil|  off^ij^j^ntp. 

NoT-CopuA^^diPecrpp.,;  jjji,;,.,,  ,',.,,         ,_    ., 

Trai  "    '  "     '      :ontcnant  h.  th^orif^^.U^foa^j, 

ftwftil  ,mj9Jjin.e8,  ?t  la.nwniii;f«d« 

cytM.  I  tipn  ;j^'  IppgifjidjfS,,  &c,^gt 

M.'"  (>J^?.■^i  \  .         -.  ,   .    ]  y   3iE 

detcrni:  mer'par'lc  i^^ufe  lifl^ff^a^ 

Rap]^  sciences  pai'Me&rs.  MonUgm 
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ct  Vaucanfon^  JTur  un  nourel  echappement  \  d£tente^  xmagioe  e( 
prefeme  par  M.  Platier^  horloger  et  mechanicien  de  S*  A,  S* 
Monfeigneur  le  Prince  de  Conti.     1774. 

Leonh.  Euler^  de  ofcillationibus  minimis  penduli  quotcunque 
pondafcuHs  onufti.     Nov.  Com.  Acad.  Petrop.  1775.' 

Ltmh,  Euler^  de  motu  ofcillatorio  binarum  lancium  ez  libra 
.  fttfpenfarum.    Nov.  Com.  Ac.  Petrop.     1775- 

Dan,  Bernoulli  commentatio  phybco^mechanicaj  &c.  Nor* 
Com.  Acad.  Pefrop.     1775- 

Reflexions  fur  Techappem^ntj  par  M.  dt  la  Grange^  mein» 
Acad.  Berlin.     1777. 

Dan.  Bernoulli  fp^inen  philofophicum  de  compenfatidhibiis 
hoToIogicis  et  veri9ri  menfuria  temporis*  A£t.  Acad.  Imp* 
Petrop.     1777.       ' 

Lettre  de  M.  Magellan  a  M.  le  chevalier  de  Bory^  de  TAca* 
d^mte  Royale  des  Sciences*  relatlvement  a  la  montre  .marine 
de  M.  Mudgey  eleve  du  celebre  Grahaai>  eti'un  des  plus  habilet 
horlogers  de  ce  fiecle. 

[This  is  inferted  in  Rozi^^s  Obfervations  fur  la  phyfique^  fur 
l^iftoire  naturelle,  et  fur  les  arts,  torn.  xi.  1778.] 

Abraham  Gotthe{f  Kq/lner,  iiber  die  Aenderung  des  Ganges 
dcr  Pendcluhren  un  Somm^r  und  Winter.    Gottingen.     I778« 

Vafious  papers  relative  to  the  contrivances  in  watch*work, 
by  Frangois  Ariaudy  Francois  Callet^  &c.  in  the  M^  moires  de  la 
fociete  etablie  a  Geneve  pour  Fencouragement  des  arts  et  de 
^agriculture,  torn.  i.  ii.  &c.     1778. 

Leonbard  Euler  de  motu  ofcillatorio  pendulonim  ex  filo  tenfii 
dependentium.     A£t.  Acad.  Imp.  Petrop.     1779- 

Defcription  d*une  machine  pour  refendre  plufieurs  roues 
dliorlogerie  en  meme  temps,  invent^e  par  M.  Pingeron^  capitatne 
de  Tartillerie,  &c.     1780. 

Balancier  de  pendule  a  fecondes  d'une  nouvelle  conftruo^ 
lion,  par  le  4icur  Grenier.  Rouen.     1780. 

L'art  de  faire  les  refforts  de  montres,  fuivi  de  la  mani^re  de 
b\ft  les  petits  reflbrts  de  repetitions  et  des  reflbrts  fpiraux,  par 
W.  Blakey,  Amfterdam.     1780. 

A  letter  from  Mr.  Chnjlian  Mayer ^  aftronomer  to  the  elector 
palatine,  to  Mr.  N.  N.  on  the  going  of  a  new  pendulum  clocks 
made  by  Mr.  John  Arnold^  and  fet  up  in  the  eledor's  obferva- 
tory  at  Manheim.  (Tranflated  from  the  German.)  London> 
Becket.     178 1. 

Dcr  neue  englifche  Ukrmacher,  oder  vollAKndige  AnweU 
fting  alle  Geh-,  Schlag-,  und  Kepetiruhren  richtig  zu  berechaen 
und  gebtMg  zufammenzufetzen,  nebft  der  Befchreibung  eineir 
Ui^iverfal-oonnenuhr,  mit  nbthigen  Kupfern,  &c.     I7&'i. 

Extrait  d'une  lettre  de  M.  L.  H.  Magellan  a  uii  de  fes  afiiis 
de  Paris^  fur  la  prtference  des  grand  arcs  de  vibratioa  pouf  It 
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figxAzriiS  fc'penSules  aftrohorfiiques,  avec  la  defcription  d'u« 
tfcnappement  libre,  pour  des  petites  pendules  a  demirecoude%- 
qui  battent  des  fecondes  enti^res.     [This  is  inferted  in  lorn. 
XX.  of  Rozier^s  Obfervations,  &c.     1782.] 

Nic.  Fu/s  Determinatio  motuum  penduli  compofitt  bifili  « 
primis  mechanicae  principiis  pedta.    Nor.  A€t.  Petrop.  torn*  I. 

^783- 
LeoffL  Euler  De  motu  ofcillatorioi  &c.   Nov.  A£l.  Pctrop* 

torn.  I.     1786,  '  ' 

Thtee  regiftcrs  X>t  a  pocket  chronometer,  by  count  de  Bruhl^ 

1785;      .  ,       . 

•Memoire  fur  ITiorlogerie ;  contenant  une  nouvelle  conftiU&>   • 

tion  des  montres  fiihples  et  a  repetition  a  roues  de  rencontre, 

approuv^es  par  I'Acad.  Roy.  des  Sciences.   Par  Heffen.     1785.  ■ 

Der  felbfUehrende  uhrmacher,  oder  genugthuende  anweifung^ 
alle  fchlag-,  geh-,  repetir-,  und  fonnen-uhren  richtig  zu  ber- 
echnen,  nebft  alien  vortheilen,  auf  die  neuefte  und  einfachft^ 
art  fie  zu  verfertigen  ohne  einen  weitem  miindlichen  unterricht 
ndthig  zu  haben.     Von  eineih  Freunde  der  Kiinfte.     1786.         ' 

Defcription  of  the  two-part  chime-clock  invented  by  Robert 
Sampfom    Tranfa£iions  of  the  Society  for  the  Encouragement   , 
of  Arts,  &c.  for  1786,  vol.  Iv.    [Defcriptions  of  many  omer  in^ 
genious  invention^  of  Englifli  artids  may  likewife  be  found  in    ' 
the  diflFerent  volumes  of  the  Trahfaftions  of  this  refpe£lable  and   : 
ufeful  fociety.] 

An  account  and  defcriptions  of  three  pendulums  invented  and 
conftru^ed  by  John  Crofthwaite.  Trans*  Roy.  Iri(h*  Acad, 
1788. 

Horlogerie  pratique  a  Tufage  des  apprentifs  et  des  amateurs* 
par  M.  Vioniauxy  a  Touloufe.     1788. 

Tratado  general  y  matematico  de  la  reloxeria,  que  comprende 
el  modo  ex  hacer  reloxes  de  todas  clailes,  y  del  de  faberlos  com« 
poner  y  arreglar  por  dificiles  que  fean;  acompanado  de  log 
elementos  neceflarios  para  ella.  Su  autof  Em,  de  CerceUa  i 
Icoaga.     Madrid.     1789.  ' 

Sopra  la  teoria  de  pendoli  e  fuUa  legge  della  forza  centripeta 
proporzionale  alia  femplice  diftanza  del  centro  e  fulla  fua  appli- 
cazione  alia  dottrina  de'  pendoli  j  difcorfi  del  fign.  Grcgoria^ 
Fontana.  Pavia.     1789. 

fPMuhurJf^  Verfuch    durch    zeitmeflung  unveianderliche    ; 
Hiafie  zu  erhalten ;  uberfetzt  von  J,  H.  Wudmann.  Niixnberg. 
1790. 

Diflertation  fur  Thorlogerie,  par  Fr,  Huet,     1791. 
*    Tratado  methodico  de  la  reloxeria  Cm  pie  5  efcr.  por  Ph*  J  Ph 
Chabo/l.   Madrid.     179K 

TOL.  II.  Si 
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Per  uhnsiacher,  &c.  von  7.  G.  Geifsler.     1793-1799. 
^  Account  of  a  new  pendulum,  by  Geo.  Fordyccy  M.  D.  F.R.S. 
Phil,  Gratis.  i794«  Part  I. 

Inveftigations,  founded  on  the  theory  of  motion,  for  determin- 
ing the  times  of  vibrations  of  watch  balances,  by  Geo.  Atwood^ 
F.R.S.  Phil.  Trans.  1794-  Parti. 

Beytrag  zur  zeitmefs  kunft  fur  freunde  und  liebhaber  von 
uhrwerken  aller  art*  Von  Friedrich  Auguji  Schmidt.    Leipzig^ 

'797- 
Suite  du  traite  des  montres  a  longitudes,  &c.  par  F.  Ber-^ 

thoud^     1 797* 

Ve^rfuch  einer  gefchichte  der  entftlehung  und  fortfchritte 
der  theoretifch-praktifchen  uhrtnacherkunft.  Von  Joh.  Heinrm 
Atortitz  Poppe.  Gottingen.     1797- 

Theoretifch-praktifches  worterbuch  der  uhrmakerkunft,  &c. 
Von  J.  H.  M,  Poppe.     1 799-1 800*    Leipzig. 

Ausfiihrliche  gefchichte  der  theoretifch-praktifchen  uhr- 
tnacherkunft, &c.    Von  J".  H.  M.  Poppe.    Leipzig.     1801.' 

[The  two  latter  are  deemed  to  be  very  valuable  performances.] 

The  article  watchwork  in  the  Supplement  to  the  Encyclo^ 
jpadia  Britannicoy  and  different  parts  of  Nicholfonh  Philofophical 
Journal,  and  Til/och^s  Philofophical  Magazine,  contain  much 
iifeful  information  on  the  fubjedis  of  pendulums,  fcapements,  &c. 

COINAGE,  or  Coining,  the  art  or  aft  of  making  money. 
*  ;  Coining  is  either  performed  by  the  hammer  or  the  mill.  The 
firft  method  is  now  little  ufed  in  Europe,  efpecially  in  England, 
France,  &c.  though  the  only  one  known  till  the  year  15531 
when  a  new  machine,  or  coining  mill,  invented  by  an  engraver, 
one  Antoine  Brucher,  was  firft  tried  in  the  French  king's  palace 
at  Paris,  for  the  coining  of  counters :  though  fome  attribute  the 
invention  of  the  mill  to  Varin,  a  famous  engraver,  who,  in 
Ireality,  was  no  more  than  an  improver  of  it)  and  others  to 
Aubry  Olivier,  who  had  only  the  infpeftion  of  it. 

The  mill  has  met  with  various  fate  fmcc  its  firft  invention; 
being  now  ufed,  and  again  laid  by,  and  the  hammer  refumed; 
but  it  has  at  length  got  that  footing,  by  the  neatnefs  and  perfec- 
tion of  the  fpecies  ftruck  with  it,  that  theire  appears  no  great 
probability  of  its  ever  being  again  difufed. 

In  either  kind  of  coining,  the  pieces  of  metal  are  ftamped  or 
ftruck  with  a  fort  of  punchions  or  dyes,  wherein  are  engrave^ 
the  prince's  efligies,  with  the  arms,  legend,  &c. 
;  Coins  fig  by  the  milli  or  milled  money. — ^The  bars  or  plates  being 
taken  out  of  the  mould,  and  fcraped  and  brufhed,  are  pafled 
feveral  times  through  a  hiill,  to  flatten  them  further,  and  brin^ 
ihem  to  the  juft  thicknefs  of  the'  fpecies  to  be  coined}  witb 


Coining  Pr^f,  firfr.  I4t 

this  difference^  however^  that  the  plates  of  gold  are  heated  agaitl 
in  a  furnace,  and  quenched  in  water,  before  they  undergo  th^ 
milli  which  foftens  and  renders  them  more  du£tile;  whereas  . 
thofe  of  filver  pafs  the  mill  juft  as  they  are,  without  any  Keating; 
and  when  afterwards  they  are  heated  they  are  left  to  cool  again 
of  themfelves,  without  water. 

The  plates,  whether  gold,  filver,  or  copper^  thus  reduced  as 
near  as  pofTible  to  their  thicknefs,  are  cut  into  round  pieces^ 
called  blanks  or  planchets,  near  the  fize  of  the  intended  fpecies^ 
with  a  cutting  inftrument  failened  to  the  lower  extremity  of  an 
arbor,  whofe  upper  end  is  formed  into  a  fcrew ;  which,  being 
turned  by  an  iron  handle,  turns  the  arbor,  and  lets  the  fteel^ 
well  (harpened,  in  form  of  a  punch-cutter,  fall  on  the  plates;  and 
thus  is  a  piece  punched  out. 

Thefe  pieces  are  now  given  to  be  adjuftjed,  and  brought  by 
filing,  or  rafping,  to  the  weight  of  the  ftandard,  whereby  they 
are  to  be  regulated:-  and  what  remains  of  the  plate  between  th«f 
circles  is  melted  again,  under  the  denomination  of  fizel. 

The  pieces  are  adjufted  in  a  fine  balance:  arid  thofe  which 
prove  too  light  are  feparated  from  thofe  too  heavy;  the  firft 
to  be  melted  again,  and  the  fecond  to  be  filed  down.  For  it 
may  be  obferved,  that  the  mill  through  which  the  plates  are 
pafled  can  never  be  fo  juft  but  there  will  be  fome  inequality^ 
whence  will  arife  a  difference  in  the  blanks.  And  this  inequality, 
indeed,  may  be  owing  to  the  quality  of  the  matter  as  well  as  of 
the  machine;  fome  parts  being  more  porous  than  others. 

When  the  blanks  are  adjufted  they  are  carried  to  the  blanch- 
ing or  whitening-houfe,  i.  e.  the  place  where  the  gold  blanks 
have  their  colour  given  them,  and  the  filver  ones  are  whitened  $ 
which  is  done  by  heating  them  in  the  furnace,  and,  when  takea 
out  and  cooled,  boiling  them  fucceflively  in  two  copper  veffels> 
with  water,  common  fait,  and  tartar;  and,  after  that,  fcouring 
.them  well  with  fand,  and  waffling  them  with  common  water^ 
drying  them  over  a  wood  fire,  in  a  copper  ficve,  wherein  they 
are  put  when  taken  out  of  the  boilers. 

Formerly  the  planchets,  as  foon  as  blanched,  were  carried  to 
the  prefs,  to  be  ftruck,  and  receive  their  imprefflons;  but  now 
they  are  firft  marked  with  letters  or  graining  on  the  edges,  to 
prevent  the  clipping  and  paring  of  the  fpecies,  which  is  one  ot 
the  ways  wherein  the  ancient  money  ufed  to  be  damaged. 
The  machine  ufed  to  mark  the  edges  is  very  fimple,  yet  ingeni" 
ous;  it  confifts  of  two  plates  of  fteel,  in  form  of  rulers,  abott^ 
the  thicknefs  of  a  line,  on  which  the  legend  or  edging  is  en* 
graven,  half  6n  the  one,  and  half  on  the  other.  One  of  theiie 
plates  is  inlmoveable,  being  ftrongly  bound  with  fcrews.toa 
copper  plate',  and  that  again  to  a  ftrong  boards  or  table;  xbm 
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Dther  is  moTeaUci  and  Aides  on  the  copper  plate  by  means  of  % 
ihandk)  and  a  wheel,  or  pinion  of  iron,  the  teeth  whereof  catch 
In  a  kv°d  of  other  teeth,  on  the  furface  of  the  flidmg  plate. 
Now,  the  planchet,  being  placed  horizontally  between  thefe 
two  plated,  is  carried  along  by  the  motion  of  the  moveable  one; 
fo  as  by  that  time  it  has  made  half  a  turn  it  is  found  marked 
all  round.    See  fig.  i.  pi.  XIV. 

This  machine  is  fo  eafy,  that  a  fingle  man  is  able  to  mark 
twenty  thoufand  plan^hets  in  a  day.  Savang  pretends  it  was 
invented  by  the  ueur  Caftagin,  engineer  to  the  French  king, 
and  firft  ufed  in  1685.  ^^^  ^^  ^^  certain  we  had  the  art  of  let- 
tering the  edges  in  England  long  before  that  time ;  witnels  the 
Irrowns  and  half-crowns  of  Oliver  Cromwell  ftruck  in  .16589 
which  for  beauty  and  perfection  far  exceed  any  French  coins 
we  have  ever  feen, 

Lailly,  the  planchets,  being  thus  edged,  are  to  be  (lamped^ 
I.  e.  their  impfeffion  is  to  be  given  them  in  a  fort  of  mill,  or 
prefs,  by  the  French  called  a  oalancier,  invented  towards  the 
latter  end  of  the  fifteenth  century.  See  its  figure  in  fig.  2. 
pi.  XIV. 

Its  chief  parts  are  a  beam,  fcrew,  arbor,  &c.  all  contained  in 
the  body  of  the  machine,  except  the  firft,  which  is  a  long  iron 
bar,  with  a  heavy  ball  of  lead  at  each  end,  and  rings,  to  which 
are  faftened  cords,  ^hich  give  it  motion:  this  is  placed  hori- 
"^ontally  over  the  body  of  the  machine.  In  the  middle  of  the 
beam  is  faftened  a  fcrcw,  which,  by  turning  the  beam,  fcrves  to 
prefs  the  arbor  underneath  it;  to  the  lower  extremity  of  which 
arbor,  placed  perpendicularly,  is  faftened  the  dye,  or  matrice, 
of  the  revetfe,  or  arm  fide,  in  a  kind  of  box,  or  cafe,  wherein  it 
is  retained  by  fcrews:  and  under  this  is  a  box,  or  cafe,  contain- 
ing the  dye  of  the  image-fide,  firmly  faftened  to  the  lower  part 
of  the  engine,  fig.  3 . 

Now  when  a  planchet  is  to  be  ftamped  it  is  laid  on  thb 
Image-matrice,  upoii  which  two  men/  draw,  each  on  his  fide^ 
one  of  the  ropes  of  the  beam,  and  turn  the  fcrew  faftened  ih 
it',  which  by  this  motion  lowers  the  arbor  to  which  the  dye  of 
the  arms  is  faftened :  by  which  means  the  metal  being  in  the 
.middle,  at  once  receives  an  impreflion  on  each  fide,  from  either 
dye.'  As  to  the  prefs  formerly  ufed,  it  has  all  the  effential  parts 
of  a  balancier,  except  the  beam,  which  is  here,  as  it  were,  di- 
vided, and  only  drawn  one  way. 

The  blanks  having  now  all  their  marks  and  impr^flions,  both 
on  the  edges  and  faces,  become  money;  but  they  have  not  cur* 
rency  till  they  have  been  weighed  and  examined. 

For  the  Cohiifig  of  Medals  the  progrefs  is  the  fame,  in  effe6l, 
with  that  of  inoney:  the  principal  difference  coxUifts  in  dus^ 
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'» 

^at  moQC7>  having  but  a  fmall  relievo,  receives  its  ImpreffioQ 

at  a  Cngle  ftroke  of  the  €;ngine;  whereas,  for  medals,  the 

tieight  of  their  relievo  makes  it  necelTary  that  the  ftrc^e  be 

repeated  feveral  times:  to  this  end  the  piece  is  taken  out  from 

between  the  dyes,  heated,  and  veturned  again;  which  procefSf 

in  medallions,  and  large  medals,  is  fometimes  repeated  fifteen 

or  twenty  times,  before  the  full  impreffion  be  given ;  care  being 

taken,  every  time  the  planchet  is  removed,  to  take  off  the  fuper* 

fluous  metal  ftretched  beyond  the  circumference,  with  a  file. 

An  improvement  has '  been  lately  fuggefted  in  the  coinings 
pirefs,  by  a  Mr«  Huigenan,  we  believe,  who  has  introduced  this 
principle  of  the  heart-wheel  bofh  in  this  contrivance  and  in  his 
vniverfal  lever.  The  method  Mr.  H.  recommends  may  be 
underftood  by  referring  to  fig.  4.  pi.  XIV.  CB  is  part  of  a  table 
or  plane  on  which  is  fixed  the  box  containing  the  dye  F  of  the 
image  fide  of  the  coin,  and  CA  is  a  lever  to  which  is  attached 
the  dye  E  of  the  reverfe  fide  in  a  cafe  retained  by  fcrews;  and 
this  is  fo  poGted,  that  by  tu^rning  C  A  on  the  centre  C  the  pa^t$ 
£  and  F  may  be  brought  the  one  immediately  above  the  other. 
G  is  an  elliptical  or  heart-wheel  turning  upon  a  fixed  centre  by 
the  handle  or  winch  H,  and,  adding  upon  the  fri&ion  wheel  D^ 
gradually  forces  down  the  end  A  of  the  lever,  and  carries  with  it 
the  dye  £,  caufing  it  to  prefs  very  hard  upon  the  metal  placed 
on  the  lower  dye  F,  at  the  time  the  extremity  I  of  the  elliptical 
wheel  is  in  conta£l.with  the  upper  part  of  the  wheel  D.  Then 
the  motion  of  the  winch  proceeding,  the  fpring  S  raifes  up  the 
lever  CA,  and  thus  le;^ves  room  to  remove  the  metal:  place 
another  at  F,  and  repeat  the  operation.  The  whole,  it  is  obvi<* 
cus,  may  be  carried  on  with  confiderable  expedition ;  but 
whether  the  method  is  on  the  whole  preferable  to  that  before 
defcribed  is  what  we  do  not  here  attempt  to  decide. 

COMPASS£S{(b£Am),  a  kind  of  compaiTes  ufed  to  draw  large 
arcs,  and  to  take  large  extents,  &c.  Thefe  compaiTes  confift  of 
a  ftraight  beam  or  bar,  of  18  inches,  2  feet  or  more  in  lengthy 
carrying  two  brafs  curfors  \  one  of  thefe  being  fixed  at  one  end^ 
the  otlier  Illding  along  the  beam,  with  a  fcrew  to  faften  it  on 
occafionally.  To  the  curfors  may  be  fcrewed  points  of  any 
kind,  as  of  fteel,  brafs,  pencils,  &c.  The  fixed  curfor  has  fome* 
times  an  adjuiling  or  micrometer  fcrew  applied  to  it,  for  th^ 
more  nice  obtaining  of  extents. 

The  beam  is  divided  commonly  into  inches,  tenths,  and  half 
tenths:  but  Mr.  Walton,  an  ingenious  mechanic,  in  the  proof 
department  of  the  Royal  Arfenal,  Woolwich,  has  improved 
this  inftrument  and  much  extended  its  utility,  by  applying  » 
nonius  to  its  fcale,  which  renders  it  fit  to  take  diftances  to 
hundredth  parts  of  an  inch.  Part  of  a  beam  with  the  additions 
of  Mr.  Walton  are  Ihewn  in  fig.  i .  pi.  XVIII.  where  IK  reprefents 
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more  dian  4  Inches  In  length  of  a  beam,  which  is  made  of 
ebony,  the  divifions  being  marked  upon  brafs  laid  into  the  ebony. 
ABCD  and  EFQH  are  two  brafs  cafes  which  nearly  fit  the 
beam,  and  may  Aide  to  and  fro  upon  it:  thefe  brafs  cafes  carry 
the  curfors  and  points  L  and  M,  which  are  fattened  into  fockets 
by  means  of  fcrews  at  N  and  O.  The  cafe  ABCD  has  two 
fcrews  h  c  and  /j,  both  of  which  are  turned  by  means  of  forked 
tumfcrews :  the  firft  of  thefe  fcrews,  h  Cj  fervcs  to  move  the  brafs 
cafe  backwards  and  forwards  on  the  beam,  in  order  to  adjuft 
the  point  L  fo  as  to  correfpond  with  the  commencement  of  the 
divifions  on  the  beamj  and  when  that  is  done  the  fcrew  fl,  by 
preffing  a  fpring,  makes  the  whole  faft  to  the  beam.  The  other 
brafs  cafe  EFGH  carries  the  curfor  and  point  M,  as  well  as  the 
moveable  nonius  ei:  this  nonius  is  at  the  extremity  of  a  piece 
efg  h  k  iy  which  is  moved  to  and  fro  upon  the  cafe  EFGH  by 
means  of  the  fcrew  0  p  q  Sy  which  is  turned  by  the  milled  head 
r  s  t:  the  ftioulders  at  p  and  q  prevent  the  fcrew  from  movitig 
cither  backward  or  forward  with  refpeft  to  the  line  FH,  while 
the  threads  of  the  fcrew  between  0  and  p^  by  taking  upon  the 
moveable  piece  efg  h  k  z,  caufe  the  nonius  to  move  along  the 
edge  of  the  graduated  fcale  of  the  beam-:  turning  the  head  of 
the  fcrew  in  the  dredion  r  s  t  moves  the  nonius  in  the  direc- 
tion from  K  towards  I  on  the  beam ;  and  turning  that  head  in 
the  direSion  tsr  advances  the  nonius  according  to  the  in- 
creafing  meafure  upon  the  fcale  from  I  towards  K.  The  fcrew 
d  with  Its  milled  head  P,  by  prefEng  npon  a  fpring,  will  at  any 
time  make  the  cafe  EFGH  faft  to  the  beam,  and  thus  prevent, 
when  necefTary,  any  change  of  diftance  between  L  and  M. 
jig.  2.  is  a  tranfverfe  faction  of  the  brafs  cafe  EFGH :  it  ferves 
to  (hew  the  form  i,  2,  3,  4,  5»  of  the  beam,  bevelled  off  to  an 
edge  at  4;  alfo  the  bevel  of  the  nonius  at  e;  the  dovetail  at  ^, 
sigainft  which  one  ihoulder  of  the  micrometer  fcrew  preffes;  and 
the  piecey  V,  into  which  the  three  fcrews  /,  w,  n  (fig.  i.)  enter. 
Other  parts  of  the  conftruftion  will  be  fufficiently  obvious  from 
thefe  figures. 

'  CONDENSER,  a  pneumatic  engine  or  fyringe,  by  which  an 
extraordinary  qualntity  of  air  may  be  crowded  or  pufhed  into  a 
ffiven  fpace;  fo  that  frequently  ten  times  as  much  air  as  an  equal 
fpace  would  contain  out  of  the  engine  may  be  thrown  in  by 
jneapB  of  it,  and  its  egrcfs  prevented  by  valves  properly  difpofed. 

The  condenfer  is  made  either  of  metal  or  of  glafs,  and  either 
in  a  cylindrical  or  globular  form;  and  the  air  is  forced  into  it 
by  an  mjefting  fyringe.  The  receiver,  or  veflel  containing  the 
condenfed  air,  fhould  be  made  very  ftrong,  to  bear  the  force  of 
th^  air's  elafticity  thus  increafed:  for  which  reafon  it  is  com- 
bibnly  made  of  brafs.    When  glafs  is  ufed  it  will  not  futtain  fo 
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(rreat  a  condenfation  of  air;  but  the  experiment  will^  notwitb** 
ftanding,  be  rendered  more  entertaining,  as  the  tSeSt  of  the 
condenied  air  upon  any  fubjefi  put  within  the  receiver  may  be 
viewed  through  the  glafs. 

Condenser  of  Forces^  a  name  given  by  M.  Pronv  to  a  con- 
trivance  for  obtaining  the  greateft  poilible  efie£t  from  a  firft 
mover,  the  energy  of  which  is  fubje£l:  to  augmentation  or  dimi- 
nution within  certain  limits;  and  in  general  to  vary  at  pleafure 
the  refi (lance  to  which  the  effort  of  the  firft  mover  forms  an 
equilibrium  in  any  machine  whatever,  without  changing  any 
part  of  their  conftruflion. 

The  general  problem  in  mechanics}  of  which  this  condenfer 
is  intended  as  a  practical  folution^  is  enunciated  by  M.  Prony 
in  thefe  terms: 

^^  Any  machine  being  conftrufted,  to  find,  without  making 
any  change  in  the  conftruf^ion,  a  means  of  tranfmitdng  to  it 
the  a£tion  of  the  firft  mover,  by  fulfilling  the  following  condi- 
tions; viz. 

'<  I.  That  it  may  be  poffible  at  pleafure,  and  with  great  fpeed 
and  facility,  to  vary  the  refiftance  (againft  which  the  effort  of 
the'  firft  mover  muft  continually  make  an  equilibrium)  in  limits 
of  any  required  extent. 

'*  2.  That  the  refiftance,  being  once  regulated,  ihall  be 
rigoroufly  conftant  until  the  moment  when  it  is  thought  proper 
to  increafe  or  diminiih  the  fame. 

^^  %.  That  in  the  m6ft  fudden  variations  of  which  the  effort 
of  the  firft  mover  may  be  capable,  the  variation  in  velocity  of 
the  machine  {hall  never  undergo  a  folution  of  continuity." 

M.  Prony  applies  his  folution  of  this  problem  to  the  dynamic 
effe£l  of  wind :  it  will  be  eafy  to  make  the  fame  general  when 
the  other  firft  movers  are  ufed. 

The  fe6lion  and  plan  of  the  machine  are  exhibited  in  plate 
XIV.  OO  reprefents  the  vertical  arbor  to  which  windmill 
fails  are  adapted;  ^  ^  ^e  is  an  affemblage  ef  carpentry,  of  which 
one  of  the  radii,  O  ^,  bears  a  curved  piece,  h  dy  of  iron  or  fteel: 
vertical  axes  of  rotation  a  a  ay  being  placed  round  the  axis  OO, 
alfo  divide  the  circumference  in  which  they  are  found  into 
equal  parts. 

Each'of  thefe  axes  carries  a  curve,  af  of  iron,  fteel,  or  copper; 
fo  fituated,  that  when  the  wind  a£ls  upon  the  fails  the  curve 
b  d  prefles  againft  one  of  the  curves  afy  and  caufes  the  vertical 
axis  to  which  this  laft  curve  is  fixed  to  make  a  portion  of  a 
revolution. 

The  curves  b  d  and  af  muft  be  fo  difpofed,  that  when  b  d 
ceafcs  to  prefs  on  one  of  the  curves  af,  it  ihall  at  the  fame  in- 
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ftant  begin  to  a£i:  upon  die  following  curve:  dlie  number  of 
ajies  which  are  provided  with  thefe  curves  muft  be  determined 
by'  the  particular  circumllances  of  each  cafe;  and  it  is  alfo 
pradicable  to  fubftitutc,  indead  oi  hdyZ  portion  of  a  toothed 
wheel  having  its  centre  in  the  axis  OO,  and  to  place  portion^ 
of  pinions  inftead  of  the  curves  af;  but  the  difpofition^  repre-. 
ftnted  in  the  figure  are  preferable. 

Each  of  the  axes  aaaa  (which  are  all  fitted  up  alike| 
though,  for  the  fake  of  clearnefs,  only  one  of  them  has  its  ap- 
paratus reprefented  in  the  drawing),  carries  upon  it  a  drum  or 
pulley  ^  ^  r  r,  on  which  is  wound  a  cord  that  pafles  over  a  pulley 
Pj  and  ferves  to  fupport  a  weight  Q^by  means  of  the  lever  FG, 
upon  which  this  weight  may  be  Aided  and  faflened  at  different 
diilances  from  the  point  of  motion  G. 

The  fame  axes  a  a  paf»  through  the  pinions  q  qy  to  which  they 
are  not  fixed;  but  thefe  pinions  carry  clicks  or  ratchetts,  which 
bear  againft  the  teeth  r  r;  fo  that,  when  the  weight  Qjends  to 
rife,  the  ratchett  gives  way,  and  no  other  efFe£b  is  produced  oa 
the  pinion  q  ^,  either  by  the  motion  of  tlie  axis  or  of  the  drum 
tirry  excepting  that  ifirhich  caufes  the  afcent  of  the  weight  q  q. 
But  tlie  inftant  that  the  curve  or  tooth  b  d  ceafcs  to  bear  againft 
one  of  the  curves  af^  after  having  caufed  the  correfponding 
weight  Qjo  rife,  that  weight  Qjends  to  redefcend,  and  then  the 
toothed  wheel  r  r  a£ls  againft  the  ratchett,  fo  that  Q^  cannot 
defcend  without  turning  the  pinion  q  q  along  with  the  drun^ 

The  pinion  q  q  takes  in  the  wheel  a  by  from  the  motion  of 
which  the  ufeful  efFefl  of  the  machine  immediately  refults;  fp. 
Aat  the  efkCt  of  the  defcent  of  one  of  the  weights  Qjs  to 
fblicit  the  wheel  AB  to  motion,  or  to  continue  the  motiqn  in  con- 
currence with  all  the  other  weights  Q,  which  defcend  at  the 
fame  time.  This  wheel  AB  carries  beneath  it  oblique  or 
.bevelled  teeth  GD,  which  take  in  a  like  wheel  C£^  and  caufe  the 
buckets  at  S  to  rife. 

From  the  preceding  defcription  it  is  feen  that  the  machine^ 
being  fuppofed  to  dart  from  a  ilate  of  repofe^  the  wind  will  at 
£rfl  raifc  a  number  of  weights  Q,  fuiHcient  to  put  the  machine 
into  motion,  and  will  continue  to  raife  new  weights  while  thofe 
before^  raifed  are  fallen  j  fo  that  the  motion  once  imprefied  will 
be  continued. 

Among  the  numerous  advantages  of  this  new  mechanificn  i^re 
may  remark  the  fallowing; 

I.  No  violent  Ihock  can  take  place  in  any  part  of  the  me- 
(Chamfni*  .  '      .  • 

k*  The  ufeful  effe£k  being  proportioned  to  the  number  ^f 
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loreigbts  Q^  which  defcend  at  the  fame  time^  this  efleA  vill  In- 
creafe  in  proportion  as  the  wind  beoomes  ftronger^  and  caofes 
the  fails  to  turn  with  more  velocity. 

3.  The  weights  Q^being  moveable  along  the  levers'  FG,  it 
will  alvtrays  be  very  eafy  to  place  them  in  fuch  a  manner  as  to 
obtain  that  ratio  of  the  effort  of  the  firft  mover  to  the  refiil- 
^nce  which  will  produce  the  maximum  of  effe&. 

4.  From  this  property  it  refults  that  advantage  may  be  taken 
of  the  weakeft  breezes  of  wind,  and  to  obtain  a  certain  produ£l 
in  circumftances  under  which  all  other  windmills  are  in  a  date 
of  abfolute  ina£tivity.  This  advantage  is  of  great  importanoCp 
particularly  with  regard  to  agriculture :  the  windmills  employed 
for  watering  lands  areTometimes  inaftive  for  fevcral  days,  and 
this  inconvenience  is  more  particularly  felt  in  times  of  drought* 
A  machine  capable  of  moving  with  the  flighted  breeze  mu(t 
/therefore  offer  the  moft  valuable  advantages. 

CRAB  or  GIN,  an  engine  ufed  for  mounting  large  guns  oa 
their  carriages,  &c.  It  is  compofed  of  three  long  and  ftout  IcgBj 
meeting  together  at  their  tops;  thefe  legs  are  round  poles  of 
about  12  or  13  feet  long,  whofe  diameters  at  the  lower  end  are 
about  four  inches,  five  jud  below  the  roller,  befides  the  cheeks 
jthat  are  added  to  them  in  that  place,  and  about  34-  inches  aboye* 

Two  of  thefe  poles  can  be  fixed  at  a  certain  diftance  front 
each  other,  bv  means  of  two  iron  bars  placed  horizontally,  one 
being  abotit  four  feet  long,  the  other  about  feven;  and  a  roller  is 
made  to  run  upon  pivots  turning  on,  or  in,  thefe  two  poles: 
this  roller  is  commonly  7!  inches  in  diameter,  and  fix  feet  long. 
A  portion  of  20  inches  is  left  fquare  at  each  end,  and  holes 
made  in  each  to  receive  the  handfpikes  by  which  the  men  turn 
the  roller:  but  the  middle  part  is  made  cylindrical,  to  wind  the 
cable  upon.  The  tranfverfe  iron  bars  are  fixed  with  one  end 
to  one  of  the  poles  bv  means  of  a  bolt,  and  with  the  other  ^nd 
to  the  other  pole  witn  a  bolt  and  key;  fo  as  to  be  readily  takea 
out,  in  order  that  when  the  gin  is  t6  be  removed  from  place  to 
place  the  poles  may  lie  clofe  together  upon  the  carriage.  There 
are  two  iron  bands  and  two  iron  bolts  to  taften  each  cheek  (for  the 
pivots)  to  the  poles,  and  iron  plates  round  the  poles  where  the 
iron  bars  are  fixed.  The  poles  are  hooped  at  each  end;  and 
the  upper  ends  have  ftraps  through  which  an  iron  bok  pafles: 
this  bolt  keeps  the  upper  ends  together,  as  well  as  ferves  to 
fupport'  the  iron  to  which  the  windlafs  is  hooked.  The  wind« 
lafs  contains  two  braCs  pullies,  about  which  the  cable  goes^ 
which  is  fixed  to  the  dolphins  of  the  gun  or  •mortar  with 
another  windlafs,  containing  two  brafs  pullies  likewife.  Whea 
this  machine  is  ufed  the  whole  is  laid  flat  on  the  ground,  the 
fewer  end  of  the  Angle  pole  extending  the  contrai^  waf,  10 
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order  to  fallen  the  upper  windlafs  after  the  cable  has  been 
turned  round  both:  after  this  the  upper  end  is  raifed  gradually 
till  the  feet  of  the  three  poles  (each  of  which  has  an  iron  prong) 
ftand  nearly  at  equal  diftances;  in  fuch  a  manner  as  the  legs 
of  a  theodolite  or  plain  table^  when  fet  up  for  ufe  in  the  pra£tice 
offurveying. 

CRANE^  a  machine  ufed  in  building,  on  wharfs,  and  in 
warehoufes,  for  railing  and  lowering  huge  ftones,  ponderous 
weights,  packages,  &c. 

I .  Cranes  until  of  late  years  were  commonly  ronftruded  ad 
fallows:  the  principal  member  is  a  ftrong  upright  beam  or 
arbor,  firmly  fixed  in  the  ground,  and  fuflained  by  eight  arms» 
coming  from  the  extremities  of  four  pieces  of  wood  laid  acrofs^ 
dirough  the  middle  of  which  pafTcs  the  foot  of  the  beam* 
About  the  middle  of  the  arbor  the  arms  meet,  and  are  mortifed 
into  it :  its  top  ends  in  an  iron  pivot,  on  which  is  borne  a  tranf- 
vcxfc  piece,  advancing  out  to  a  good  diftance,  fomething  after 
the  manner  of  a  crane's  neck,  whence  the  machine  has  its  name. 
This  projefting  piece  is  now  more  commonly  called  the  jib  or 
gibbet.  The  middle  and  extremities  of  this  are  again  fuftained 
by  arms  from  the  middle  of  the  arbor :  and  over  it  comes  a  rope 
or  cable,  to  one  end  of  which  the  weight  is  fixed;  the  other  is 
wound  about  the  fpindlc  of  a  wheel,  which  when  turned  (com- 
monly by  means  of  men  walking  upon  the  infide  of  the  rim  of 
the  wheel)  draws  the  rope,  and  that  heaves  up  the  weight; 
which  may  afterwards  be  applied  to  any  fide  or  quarter  by  the 
mobility  of  the  tranfverfe  piece  on  the  pivot.  Thefe  crahes 
have  ufually  been  made  of  two  kinds:  in  tlie  firft,  called  the  rat» 
tailed^crancjthe  whole  machine  with  the  load  turns  upon  a  ftrong 
axis:  in  the  fecond  kind  the  gibbet  alone  moves  on  its  axis. 
But  in  either  kind,  if  the  machinery  be  put  into  motion  by 
mea  walking  wi/A/>/  the  wheel,  as  has  been  till  lately  the  nearly 
oniyerfal  praftice  in  this  country,  the  labourers  employed  are 
-rxpofed  to  extreme  danger,  and  have  frequently  met  with  the  , 
moft  {hocking  and  fatal  accidents.  It  is  not  then  to  be  won- 
dered at,  that  ikilful  mechanifts  ftiould  at  length  have  devifed 
cranes  that  are  not  only  more  fafc,  but  more  powerful  in  their 
t>perations,  than  the  common  walking  crane :  a  few  of  the  beft 
of  thefe  will  be  defcribed  in  the  prefent  article. 

2;  The  late  Mr.  Fergufon  invented  a  crane  which  has  three 
•trundles,  with  different  numbers  of  ftaves,  that  may  be  applied 
to  the  cogs  of  a  horizontal  wheel  with  an  upright  axle ;  round 
which  is  coiled  the  rope  that  draws  up  the  weight.  This 
wheel  has  ^6  cogs;  the  largeft  trundle  24  ftaves,  the  next  12, 
^nd  the  imalleft.6,  fp  that  the  largeft  >  revolves  4  times  for  one 
revolutioa  of  the  wheel;  the  next  8>  and  the  fmalleft  i6.    A 
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winch  IS  occaGonally  fixed  on  the  axis  of  either  of  thefe  trundles 
for  turning  it ;  and  is  applied  to  the  one  or  the  other  according  as 
the  weight  to  be  raifed  is  fmaller  or  larger.  While  this  is  draw- 
ing up,  the  Tatch->teeth  of  a  wheel  flip  round  below  a  catch 
that  falls  into  them,  prevents  the  crane  from  turning  backwardsy 
and  detains  the  weight  in  any  part  of  its  afcent,  if  the  man  who 
works  at  the  winch  ihould  accidentally  quit  his  holdi  or  wifli 
to  reft  himfelf  before  the  weight  is  completely  raifed*  Making 
a  due  allowance  for  fri£bion,  a  man  may  raife  by  fuch  a  crane 
from  three  times  to  twelve  times  as  much  in  weight  as  would 
balance  his  effort  at  the  winch;  viz.  from  90  to  36olbs«  taking 
the  average  labour. 

Other  ingenious  contrivances  by  Mr-  Fergufon  may  be  fcen, 
in  his  Sele&  Exercifes  ;  but  as  the  book  is  in  the  hands  of  almoft 
^very  practical  mechanici  we  would  rather  refer  to  it  than  ex« 
tra£fc  accounts  of  thefe  inventions. 

3.  The  crane  prefented  in  plate  VII.  is  a  portable  on*c,  mount- 
ed in  a  wooden  frame  and  ftage,  which  is  judged  to  be  very 
ufeful  for  loading  and  unloading  carts  with  large  heavy  ftones. 
It  is  moveable  to  anjr  part  of  a  ftone-yard  or  ground ;  the  frame 
is  fufiiciently  wide  for  a  cart  to  draw  under  the  crane,  and  at 
any  time  it  may  be  taken  to  pieces.  The  frame  A  AAA  is 
made  of  wood,  is  about  9  or  10  feet  high,  and  about  9  feet 
fquare.  The  wheels  BB  are  of  iron,  and  are  about  3  feet  in 
diameter ;  and  the  pinion  D,  that  is  fixed  to  the  axis  of  the  firlt 
wheel  B„  8  inches  in  diameter :  on  the  axis  of  the  fecond  wheel 
B  the  axis  round  which  the  rope  coils  is  fixed.  Now  the 
ftone  being  corded  and  hooked  at  the  end  of  the  rope,  it  is  very 
evident  that  the  man  at  C  will  either  raife  or  lower  them  as 
may  be  neceflary,  according  as  he  turns  the  winch  towards  or 
from  him^  and  in  a  fafe  and  very  eafy  manner.  The  advantage 
in  point  of  power  being  in  proportion  as  the  produf^  of  £e 
radii  of  the  wheels  to  thofe  of  the  pinions. 

4.  Fig.  7.  pi.  XII.  is  a  reprefentation  of  a  crane-carriage 
which  Mr.  Gottlieb  conceives  to  be  very  ufeful  in  moving  large 
ftones  in  quarries,  where  carts  and  horfes  cannot  be  conveniently 
or  at  all  managed.  Its  principle  is  evidently  clear  from  a  bare 
▼lew  of  the  figure.  It  confifts  only  of  two  fets  of  crane-wheels 
applied  to  the  two  fets  of  wheels  belonging  to  the  carriage ;  fo. 
that  two  men,  one  at  each  winch  A  A,  turning  the  pinions  and 
wheels  round,  (hall  a£h  upon  the  carriage-wheels  and  move  it 
along.  By  their  both  turning  forvTards  or  backwards,  the  carri- 
iige  goes  accordingly;  but  if  they  turn  contrary  ways,  the  carri- 
age will  be  turned  round,  or  partly  fo,  as  may  be  wanted.  The 
pinion  B  is  6  inches  in  diameter^  which  turns  the  wheel  C  of 
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3  feet  diameter,  on  Ac  axis  of  which  is  fixed  the  pinion  D  ef 
1  foot  diameter,  which  works  into  2  wheels  E,  E,  of  3  feet  6 
inches  diameter,  that  are  fixed  upon  the  carriage-wheels,  and 
^ive  motion  to  the  whole  machine. 

^.}At.  Abraham  AndrewSy  of  Higham  Ferrers,  in  North- 
slmptonlhire,  has  invented  a  crane  which  weighs  the  body 
fufpended  at  the  time  it  is  railing:  an  improvement  for  which 
t^e  Society  for  the  Encouragement  of  Arts,  &c.  granted  him  a 
m-emium  of  15  guineas.  This  crane  is  (hewn  in  fig.  3.  pi.  IX. 
The  jib  of  the  crane  ftands  on  a  horizontal  beam,  moveable  on 
9  centre  at  A:  and  the  diftance  of  the  centre  A,  from  the  bear- 
ing of  the  upright,  being  to  the  diftance  B,  in  proportion  of  x 
tp  2o>  th^  weight  placed  at  B  determines  that  of  the  body  fuf- 
pended in  the  fame  proportion.  C  is  a  ftub,  or  piece  of  wood, 
which  projefts  from  the  weiglit  hanging  at  the  end  of  the  jil^ 
ai^d  fervcs  to  prevent  the  beam  from  rifing  to  too  great  a  height. 

This, jib  fliould  be  placed  in  the  fame  vertical  plane  with  the 
part  BA  of  the  crane,  at  the  time  the  weight  is  adjufted;  other- 
■wife  it  will  occafion  a  friftion  which  may  prevent  the  moveable 
l^am  from  playing  freely.  The  other  parts  of  the  crane  are  fo 
obvious  in  their  conftru^ion  as  not  to  require  a  more  minute 
^efcription. 

6.  The  fociety  juft  mentioned  have  lately  voted  40  guineas  to 
Jlr.  Robert  Hall,  jun.  of  Basford,  near  Nottingham,  for  his 
Ingenious  invention  of  a  method  to  expand  a  fet  of  bars  parallel 
to  the  axis  of  a  crane,  by  which  means  the  velocity  of  the  rope 
in  raifing  weights  may  be  increafed  or  diminiflied  in  proportion 
to  the  load  to  be  raifcd. 

'  A  defcription  and  engraving  of  this  crane  are  given  in  the 
twelfth  volume  of  the  Society's  Tranfaftions,  from  which  we 
Jiave  drawn  up  the  following  account  of  it: 

The  ends  of  the  reel  (fig.  i.  and  5.  plate  III.)  confift  each  of 
two  flat  plates  oj  circular  pieces,  fliQwn  feparately  in  fig.  2. 
9nd  J.  Thefe  circular  plates  form  the  two  ends  of  the  reel,  and 
are  held  faft  on  the  fpindlc  or  axis  by  pins  pafled  through  its 
frnds,  of  which  one  may  be  feen  at  ^,  fig.  2.  and  another  in  the 
end  fliewn  in  fig.  5.  The  outer  circular  plate  (fig.  3.)  of  each 
pnd  of  the  reel  has  a  fpiral  groove  cut  in  it,  as  Ihcwn  at  b;  and 
the  inner  circles  have  each  eight  mortices  cut  quite  through 
'  them,  as  fliewn  at  r,  fig.  2.  (feen  partly  alfo  in  fig.  i.  and  5.) 
The  outer  plates  have  alfo  an  iron  tube,  d^  made  faft  to  them  by 
means  of  a  flange  or  collar,  and  the  fcrews,  ee^  fig.  2. 

When  the  parts  are  all  joined  (as  Ihewn  in  fig.  i.),  the  axis 
f  pa^efi  through  the  tube  J,  and  thus  the  ends  are  connefted. 
jia  fixing  the  crofs  bars^  two  of  whicfi  are  (hewn  detached  ia 
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.  fig.  4.,  the  parts  gg  Aide  in  the  mortices  c  of  the  inner  circular 
plateS)  and  the  fmall  ends  or  tenons  h  h  go  ifairly  through  tht 
inner  and  enter  the  fpiral  grooves  of  the  outer  plates. 

The  inner  and  outer  circular  plates  are  locked  together  by  a 
catch  (/,  fig.  1.2.  and  6.)  the  (lationary  part  of  which  is  mzAt 
faft  to  the  inner  plate  (fee  fig.  2.),  while  the  catch  itfelf,  by 
means  of  a  fpring,  is  kept  in  a  notch  on  the  edge  of  the  outer 
plate.  When  the  diameter  of  the  reel  is  to  be  enlarged  or  <B- 
mmiflied,  it  is  efFe£led  by  bringing  the  reel  round  to  the  pofitioxi 
fliewn  in  fig.  6.)  when  a  hook^  is  put  into  a  hole  /,  which  keeps 
the  inner  circular  plate  in  that  pofition  till  the  adjuftment  is  madd 
by  lifting  the  catch  from  the  notch  of  the  outer  end-plate  far 
enough  to  be  kept  difengaged  by  the  hook  k^  before  mentioned, 
being  thruft  quite  through  the  hole  /:  the  handle  m  being  then 
turned,  the  outer  plate  only  is  carried  round,  and  the  tenons  ot 
fmall  ends  of  the  crofs  bars  (bcinp  prevented  from  being  carried 
round  with  it,  by  the  mortices  of  the  inner  plates  through  which 
they  pafs  being  ftationairy)  are  obliged  to  change  their  didancc 
from  the  axis  by  the  fpiral  groove  Aiding  over  them,  while  they 
are  able  to  move  nearer  or  further  from  the  axis  by  Aiding  in  thfi 
radial  mortices  of  the  inner  end  plate. 

The  handle  m  being  turned  till  the  reel  is  of  the  fize  required, 
the  hook  k  is  withdrawn  or  puihed  out,  and  the  crane  is  then 
ready  for  work. 

'  It  is  neceffary  to  obfcrve  that  the  tenons  h  h  muft  be  cut,  fo 
that  the  outfide  of  all  the  bars  next  the  rope  (hall  be  at  an  equal 
diftance  from  the  centre.  If  the  tenon  of  the  firft  bar  thax  is 
placed  in  the  reel  be  cut  like  the  tenons  h  hy  fig.  4.  the  laft  of 
them  muft  be  cut  the  fame  a$  the  tenons  n  n,  fig.  4.;  and  all 
the  other  tenons,  at  the  extremities  of  the  feveral  bars,  muft  be 
at  proper  diftances  between  thefe  extremes,  as  is  flicwn  by  the 
dots  P  in  the  mortices  fig.  2. 

The  other  parts  of  the  crane  may  be  fo  eafily  underftodS 
from  an  infpeflion  of  the  engraving,  that  any  further  defcrip- 
tion  is  unneceffary.    Phil.  Mag.  No.  71. 

7.  But  the  feveral  cranes  defcribed  in  this  article  as  prefer- 
able to  the  common  walking- crane,  while  they  arc  free  frorti 
the  dangers  attending  that  machine,  lofe  at  the  fame  time  oivs 
of  ifs  advantages;  that  is,  they  do  not  avail  themfelves  of  thsft 
addition  to  the  mioving  power  which  the  weight  of  the  meb 
who  are  employed  may  furnifti.  Yet  this  advantage  has  been 
Jong  fince  enfured  by  the  mcchanifts  on  the  continent,  who  caufe 
the  labourers  to  walk  upon  an  inclined  plane,  turning  upon  ah 
axis,  after  the  manner  fliewn  in  the  figure  referred  to  under  the 
article  FootmilU  where  we  have  defcribed  a  contrivance  of  thart 
kind,  well,  known  in  Germany  nearly  ijc  years  ago.    The 
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lame  principle  has  been  lately  brought  into  notice,  probablf 
without  knowing  it  had  ever  been  adopted  before,  by  Mr. 
yames  Whytey  of  Chevening,  in  Kent:  his  crane  is  exhibited  in 
fig.  3.  and  4.  pi.  X.  as  it  was  defcribed  in  the  Tranfaciions  of  the 
Society  for  the  Encouragement  of  Arts. 

A  (fig.  3«)  is  a  circular  inclined  plane,  moving  on  a  pivot 
underneath  it,  and  carrying  round  with  it  the  axis  £.  A  perfon 
walking  on  this  plane,  and  preffing  againft  the  lever  B,  throws 
off  the  gripe  D,  oy  means  of  an  iron  rod  C^  and  thus  admits  the 
plane  and  its  axis  to  move  freely,  and  raife  the  weight  G  by  the 
coiling  of  the  rope  F  round  the  axis  E. 

To  (hew  more  clearly  the  conftrudion  and  adion  of  the  lever 
and  gripe,  a  plan  of  the  circular  inclined  plane,  with  the  lever 
and  gripe,  is  added  (fee  fig.  4.),  where  B  reprefents  the  lever,  D 
the  fpring  or  gripe.  In  this  plan,  when  the  lever  B  is  in  the 
fituation  in  which  it  now  appears,  the  fpring  or  gripe  D  pfeiTes 
againft  the  periphery  of  the  plane,  as  (hewn  by  the  double  line, 
and  the  machine  cannot  move;  but  when  the  lever  B  is  preffed 
out  to  the  dotted  line  H  the  gripe  is  alfo  thrown  off  tq  the 
dotted  line  I,  and  the  whole  machine  left  at  liberty  to  move. 
One  end  of  a  rope  or  cord,  of  a  proper  length,  is  fixed  near  the 
end  of  the  lever  B,  and  the  other  end  made  faft  to  one  of  the 
uprights,  ferving  to  prevent  the  lever  moving  too  far  when 
preffed  by  the  man. 

The  fuppofed  properties  of  this  crane,  for  which  the  premium 
of  40  guineas  was  adjudged  by  the  focieiy  to  the  inventor,  are 
as  follows: 

I.'  It  is  fimple,  confifting  merely  of  a  wheel  and  axle.  2a  It 
has  comparatively  little  fridiion,  as  is  obvious  from  the  bare 
infpe£lion  of  the  figure.  3.  It  is  durable,  as  is  evident  frot^ 
the  two  properties  above-mentioned.  4.  It  is  {afe;  for  it  can- 
not move  but  during  the  pleafure  of  a  man,  and  while  he  is, 
aftually  preffing  on  the  gripe-lever.  5.  This  crane  admits  of 
an  almoft  infinite  variety  of  different  powers,  and  this  variation 
is  obtained  without  the  leaft  alteration  of  any  part  of  the  m^ 
chine.  If,  in  unloading  a  veilel,  there  (hould  be  found  goods 
of  every  weight,  from  a  few  hundreds  to  a  ton  and  upwards^ 
the  man  that  does  the  work  will  be  able  fo  to  adapt  his  ftrength 
to  each  as  to  raife  it  in  a  fpace  of  time  proportionate  to  its 
weight;  he  walking  always  with  the  fame  velocity  as  nature! 
and  his  greateft  cafe  may  teach  him. 

It  is  a  great  difadvantage  in  fome  cranes,  that  they  take  as 

Jong  time  to  raife  the  fmalleft  as  the  largeft  weight,  unlefs  die 

'  man  who  works  them  ttlrn  or  walk  with  fuch  velocity  as  mu& 

foon  tire  him.    Irt  other  cr3ncs,  perhaps,  two  or  three  different 

powers  may  be  procured-,  to  obtain  which,  fome  pinion  iQq|t 
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be  (hifted,  or  frelh  handle  applied  or  reforted  to.  In  tbis  crane, 
on  the  contrary,  if  the  labourer  find  his  load  fo  heavy  as  to 
permit  him  to  afcend  the  wheel  wlthoat  its  turnings  let  him 
only  move  a  ilep  or  two  toward  the  circumference,  and  he  will 
be  fully  equal  to  the  talk.  Again,  if  the  load  be  fo  light  as 
fcarcely  to  refift  the  a£iion  of  hi&  feet,  and  thus  to  oblige  him  to 
run  through  fo  much  fpace  as  to  tire  him  beyond  neceility,  let 
him  move  laterally  towards  the  centre,  and  he  will  foon  feel 
the  place  where  his  ft^ength  will  fufFer  the  leaft  fatigue  bf 
raifing  the  load  in  queftion.  One  man's  weight  applied  to  the 
extremity  of  the  wheel  would  raife  upwards  of  a  ton ;  and  it 
need  not  be  added,  that  a  fingle-fheaved  block  would  double 
that  power.  Suffice  it  to  fay,  that  the  fize  may  be  varied  in 
any  required  ratio;  and  that  this  wheel  will  give  as  great  ad-^ 
vantage  at  any  point  of  its  plane  as  a  common  walking-wheel 
of  equal  diameter,  as  the  inclination  can  be  varied  at  pleafure* 
as  far  as  expediency  may  require.  It  may  be  necefiary  to  ob- 
ferve,  that  what  in  the  figure  is  the  frame,  and  feems  to  forni 
a  part  of  the  crane,  muft  be  confidered  as  a  part  of  the  houfis 
in  which  it  is  placed;  fiiice  it  would  be  moilly  unnecefTary 
{hovild  fuch  cranes  be  ere£led  in  houfes  already  built.  With 
refpe£k  to  the  horizontal  part,  by  walking  on  which  the  maa 
who  attends  the  jib  occafionally  affifls  in  raifing  the  load,  it  is 
not  an  eflential  part  of  this  invention,  where  the  crane  is  not 
immediately  contiguous  to  the  jib,  although,  where  it  is,  it 
would  be  certainly  very  convenient  and  economical. 

Notwithftanding,  however,  the  advantages  which  have  beea 
here  enumerated,  Mr.  Whyte's  crane  is  fubjeft  to  this  theo- 
retical objedion,  that  it  derives  lefs  ufe  than  might  be  wiihed 
from  the  weight  of  the  man  or  men:  for  a  great  part  of  that 
weight  (halfoi  it,  if  the  inclination  be  30  degrees)  lies  dire£ily 
upon  the  plane,  and  has  no  tendency  to  produce  motion.  Bc^t 
£des,  when  this  crane  is  of  fmall  dimenfions,  the  effe&ive 
power  of  the  men  is  very  unequal,  and  the  barrel  too  fmall  for 
winding  a  thick  rope:  when  large,  the  weight  of  the  materials 
added  to  that  of  the  men  put  it  out  of  fhape,  and  give  it  th« 
appearance  of  a  large,  unwieldy,  moving  floor.  We  know  one 
large  crane  of  this  conftrufiion,  which  has  an  upright  pod  near 
the  rim  on  each  fide,  to  fupport  it  and  keep  it  in  ihape;  and,  as 
much  as  poffible  to  prevent  friction,  each  poft  had  a  vertical 
wheel  at  its  top.  We  were  informed  this  crane  was  feldom 
ufed,  and  that  it  was  foon  put  out  of  order. .  Nor,  moreover,  is 
it  every  fituation  that  will  allow  the  crane-rope  to  form  a  right 
angle  with  the  barrel  on  which  it  winds,  and  when  this  angle  is 
pbSque  the  friftion  muft  be  much  increafed.  I'he  friftioii 
ariCng  from  th^  wheals  at  top  of  the  vertical  crutches  mighti 
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indeed,  be  got  ihut  of,  by  making  the  inclined  wheel  vcty 
ftrong;  but  this  would  add  greatly  to  the  friftion  of  the  lower 
gudgeon  of  the  oblique  ihaft,  and  cotlfiderably  enhance  the  ex- 
pence  of  the  machine. 

8.  There  remains,  then,  another  ftage  of  improvement  with 
regard  to  the  ftrudure  of  cranes,  in  which  the  weight  of  the 
labourers  (hall  operate,  without  diminution,  at  the  end  of  a 
horizontal  lever ;  and  in  which  the  impulfive  force  thus  arifing 
may  be  occafionally  augmented  by  the  a£iion  of  the  hands  either 
hi  pulhing  or  lifting.  This  ftep  in  the  progrefs  has  been  lately 
cfFefted  by  Mr.  David  Hardie^  of  the  Eaft-India  Company's 
Bengal  warehoufe.  After  a  few  preliminary  obfervations,  we 
ihall  point  out  the  diftinguiihtng  particulars  of  this  gentleman's 
invention* 

The  capilan,'the  wheel  and  pinion,  with  a  winch,  and  thd 
walking-wheel,  are  the  cranes  in  common  ufe  at  the  present 
time;  though  a  flight  view  of  the  method  of  working  thefe 
machines  might  be  fufiicient  to  (hew  that  they  are  eiTentially 
defedive  in  regard  to  the  grand  objeft  in  procuring  the  fofqe 
of  men,  on  which  the  quantity  of  work  performed  neceffarily 
depends.  The  tapftan  and  walking- wheel  call  for  little  or  no 
ufe  of  the  arms;  and  the  crane  of  the  wheel  and  pinion  derives 
very  little  advantage  from  the  legs,  while  the  force  of  the  men 
a£tmg  upon  the  winch  muft  of  neceflity  be  very  fluftuating. 
At  the  capftan,  and  wheel,  and  pinion,  a  confiderable  force  id 
expended  unprodu£lively  in  giving  aftion  to  the  greater  part  of 
the  men's  weight,  which  does  not  contribute  to  the  moving 
power  of  the  machines;  the  power  aftually  exerted  feldom  ex- 
ceeding 20  lbs.  at  a  moderate  velocity.  The  merchants  and 
wharfingers  would  inftantly  difcharge  from  their  fervice  any 
porter  who  would  refufe  to  carry  a  load  of  more  than  20  lbs., 
yet  thefe  very  merchants  and  wharfingers  are  daily  paying  full 
wages  tocranemen  for  exerting  a  force  which,  when  dulyapplied^ 
is  greatly  within  the  power  of  a  boy  of  10  or  12  years  of  age^ 
And  as  to  the  common  walking-wheel,  the  men  who  are  fta- 
tioned  within  it  expend  a  great  portion  of  their  (Irength  in 
moving  themfelves  j^r^/jrrf;  which  proves  unproduSive,  be- 
caufe  uie  efFefitivG  velocity  is  only  according  to  the  fum  of  the.^ 
heights  attained,  and  the  wafte  of  force  through  fuch  unprofit- 
able deviation  from  the  vertical  direftion  renders  the  men  in- 
capable of  the  due  velocity  of  afcent:  befides,  the  velocity  of 
defcent,  which  ought,  to  be  proportional  to  a  due  velocity  oi 
afcent,  is  materially  impaired  by  fliortening  of  the  elFe^ivd 
lever  in  the  courfe  of  its  depreffion,  and  a  confequent  diminu- 
tion of  mechanical  power  5  and  thefe  obftruftions  are  ftequently 
>ggr^9ted|  by  placing  men  in  ^c  wheel  to  walk  behind  thQ 
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others.  And  whAi  this  lofs  of  labour  by  the  often  cbuntef- 
operation  of  a  rear  rank  is  avoided  bj  applying  an  additional 
wheel,  the  machine  occupies  much  fpace,  becomes  extremely 
expenfive,  and  is  attended  with  extraordinary  fridipn.  Al- 
though nothing *but  necefGty  can  juftify  the  hazarding  of  the 
lives  of  meu>  yet  the  walking-wheel  is  attended  with  imminent 
danger;  and  being  a  very  defet^ive  engine,  employed  without 
either  necellity  or  expediency,  thofe  perfons  who  ufe  them  are 
refponGble  to  humanity  for  .the  (hocking  difafters  they  fre- 
quently occafion.  But  the  various  evils  juft  enumerated,  as 
well  as  many  others  which  attend  the  cranes  now  adverted' to^ 
have  been  ooviated  in  a  very  effeAual  manner  by  Mr.  Hardie; 
^hofe  crane  is  at  once  fo  fimple  and  efficient,  as  to  render  it  no 
eafy  talk  to  point  out  any  faults  which  it  has  not  avoided,  or 
any  defeats  which  it  has  not  fupplied.  It  is  a  walking-crane; 
but  the  men  walk  on  the  outfide  of  the  wheel,  tnftead  of  infide 
j^f  th6  rim;  and  during  the  whole  of  their  labour  they  are 
expofed  to  no  kind  of  danger,  and  they  can  walk  in  an  upright 
pofture,  well  fuited  to  free  refpiration.  Five  cranes  of  the  kind 
are  at  work  at  the  Eaft-India  warehoufes :  and  as  the  contriv*- 
ance  (for  which  Mr.  Hardie  has  obtained  a  patent)  muft  ulti- 
mately prove  a  confiderable  acquifition,  we  have  examined  the 
con(lru£bion  and  mode  of  operation  of  two  of  thefe  machines 
^ith  particular  attention,  that  we  might  be  enabled  to  fumi& 
thepublic  with  the  following  defcription. 

The  reader  may  turn  to  plate  XI.  where  iig.  i.  is  an  elevation 
ef  the  fide  of  the  crane  on  which  the  men  operate. 

Fig.  2.  An  elevation  of  the  end  of  the  ftage  to  affift  the  men 
m  ftepping  on  and  off  the  wheel,  as  weU  as  to  fupport  a  feat 
for  them  to  reft  upon,  in  the  intervals  between  the  operations. 
The  edge  /  of  this  ftage  does  not  ftand  more  than  4  inchei 
Irom  the  point  s  by  which  the  edge  of  each  ftep  paffes. 

^^%-  J»  An  elevation  of  the  end  of  the  wheel. 

Fig.  4.  An  elevation  of  the  fide  of  the  crane,  oppofite  to  (9M 
given  in  fig.  i.  The  fame  letters  of  reference  bsing  put  to  th4 
correfpdnding  parts  in  thefe  figures. 

A  A  is  a  wheel  (on  the  principle  of  the  wheel  ufiwl  in  China 
for  men  > working  at  the  chain-pump,  for  raifing  whiter  to  the 
Ifigh^r  grounds,  employed  in  the  culture  of  rice),  on  the  outfide 
gf  which  are  placed  24  fteps  for  the  men. to  tread  upon,  at  u 
fituation  where  the  fteps  are  found  at  a  height  equal  to  that  of. 
Ae  aJiii,  or  where  the  plane  of  the  fteps  become  horizontal  | 
the  diameter  of  Ae  wheel  being  6  f«et,  ftcp§  included.  Thi 
erane  reprcfented  irt  the  figure  is  adapted  for  4  ftien ;  th<n^ 
the/  Ittay  eafily  be  contrived  for  5,  6,  ot  8.  At  enc  cn4  it  Bi 
die  crane  rope  barrel,  of  a  diamettr  fuited  to  th^  drafts  of  foodi 
•emmoulf  m^ed^  and  the  number  of  man  genendly  dk)#«i^ 


1Q2  MACHINES. 

with  C  a  brake->vheel,  all  fixed  on  the  fame  zxls,  and  D  < 
brake  attached  to  the  framing  of  the  crane,  to  prefs  on  the 
brake-wheel,  occafionaliy  to  ftop  or  retard  the  motion;'  being 
conduced  by  a  man  at  the  loop-hole  by  means  of  £,  a  lever 
of  wood,  loaded  with  a  piece  of  lead  or  caft»iron  at  the  ex- 
tremity, to  give  it  fufficient  weight  to  (lop  the  motion  of  the 
wheel;  a  rope  fadened  to  the  end  of  this  lever,  and  conveyed 
over  two  pulleys,  terminates  in  a  handle  for  the  loop-hole  man, 
with  an  iron  ring  at  the  lower  part  thereof  to  receive  a  pig, 
fixed  at  the  fide  of  the  loop-hole  for  the  purpofc  of  keeping  it 
down,  that  the  lever  might  difengage  the  brake  from  the  brake- 
wheel  during  the  operation  of  raifmg  the  goods.  G,G,  G,G,  G, 
are  vertical  handles,  and  H,  H,  H,  H,  H,  horizontal  handles  for 
the  men  to  take  hold  of  with  both  hands,  when  treading  on  the 
fteps:  fometimes  both  hands  are  applied  to  the  vertical  handles; 
at  others,  one  hand  to  a  vertical,  and  the  other  to  a  horizontal 
handle;  and  at  others,  both  hands  to  the  horizontal  handles; 
thus  producing  a  variety  in  the  action,  and,  when  neceflary,  2 
confiderable  augmentation  to  the  force.  J  (fig.  i.  and  3.)  is  a 
pawl  which  drops  in  at  every  ftep,  to  prevent  the  wheel  and  it> 
incumbent  weight  from  overpowering  the  men  at  any  time:  it 
has  at  its  lower  part  a  cord  with  a  loop  to  pafs  over  one  of  thii 
horizontal  handles,  near  the  extremity  of  which  there  is  a  notcb 
fufficiently  deep  to  retain  the  loop  when  drawn  into  it,  for  the 
purpofe  of  raifing  the  pawl,  to  difengage  it  from  the  wheel 
preparatory  to  the  operation  of  lowering  the  goods  or  crane* 
rope. 

Now  it  is  obvious,  that  by  treading  on  the  fteps  as  they  arrive 
at  the  pofition  /,  t  (figs.  i.  3.)>  juft  above  the  horizontal  plane, 
paffing  through  the  axis,  the  men  both  afcend  and  defcend  nearly 
in  the  vertical  dircftion :  of  confequence,  the  grcateft  poffible 
velocity  is  produced  without  any  uiiproduflive  labour;  and  the 
men  are  enabled  to  maintain  the  aSion  by  means  of  a  hold  of 
an  upright  handle  on  each  hand  j  or  occafionaliy  to  augment  the 
a£lion,  by  pu filing  at  thefe  handles.  Further,  by  taking  hold  6f 
the  horizontal  handles,  each  man  can,  by  an  act  fimilar  t6  that 
of  lifting,  augment  the  force  arifing  from  his  weight  through 
all  the  degrees,  from  about  J56  to  300  lbs.  So  that  the  fame 
number  of  men  can  perform  many  operations  of  raifing  greater 
drafts  than  ufual;  fuch  as  with  the  common  walking- whe<tl 
or  moft  other  cranes  could  not  be.accompliflicd  without  ad* 
ditional  mtn:  and  the  pawl  which  drops  in  each,  ftop  provides 
in  the  moft  effectual  mangier  for  the  fafety  of  the  men,  even  if 
jhe  crane  had  not  been  fo  conftructed  that  their  feet  need  never 
be  more  than  1 2  inches  diftant  from  the  ftage  SJ',  and  the  dt 
ftance/j  far  too  fmall  to  admit  of  falling  through.  Thusthe 
very  judicioufly  chdf&udimenfion  of  a  6-feet  diameter  iiliit«s 
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the  advantages  of  a  weight  acting  on  a  horizontal  inft^ad  of 
inclined  lever  with  thofc  accruing  from  the  vertical  and  hori- 
zontal handles;  while  it  completely  precludes  the  danger  which 
attends  the  common  walkingrwheely  and  has  by  no  means  fo 
much  frifiion  as  neceflarily  attends  Mr.  Whyte's  crane. 

Mr.  Hardid   has    likewife   contrived   a   truly   advantageous 

mode  of  operating  without  a  gibbet,  which  he  has  carried  into 

effect  with  four  of  his  cranes.     He  has  placed  the  crane  at  the 

top  of  the  warchoufe,  fo  as  to  allow  the  crane-rope  to  drop 

diredly  down  from  the  barrel  of  the  crane  in  front  of  the  loop* 

holes;  and  at  the  upper  floors,  where  the  ihortnefs  of  the  rope 

diminiihes  the  fwing  of  the  goods  in  or  out  of  the  loop-holes,  he 

has  provided  a  Aiding  floor  immediately  under  the  floor  of  the 

warehoufe,  which  one  man  draws  out  or  in,  by  pulling  a  cord» 

.  with  the  greateft  eafc,  to  receive  or  deliver  the  goods  by  a  truck 

at  the  Io6p-hoIe.    The  part  of  the  warehoufe  floor  which  is  im-* 

mediately  above  the  Aiding  floor  confifts  of  a  thin  plate  of  caft 

iron,  which  allows  the  truck  to  run  oiF  the  one  on  the  other 

without  any  obftru£^ion.     Thus  more  than  one  man's  labour  ia 

-five  or  fix  is  faved,  by  getting  rid  of  the  f rift  ion  of  the  pulley 

^of  a  gibbet ;  and  a  ilill  greater  faving  of  labour  is  efFe£l:ed  by 

accelerating  all  the  movements  at  the  loop>holes. 

9.  The  common  method  of  lowering  goods  by  the  brake  and 
brake- wheel,  even  with  the  aAiftance  of  a  counter-weight,  is 
Jiiable  to  injurious  accidents  to  the  men,  as  well  as  to  the  goods^ 
when  they  con  A  ft  of  perifliable  articles,  fuch  as  wine,  fpirits, 
l^hfs,  &c.  Sometimes,  from  the  rapid  motion  of  the  crane, 
parts  of  it  fly  oflF  with  violence,  and  lull  or  wound  the  perfons 
^ear  it :  at  pt}ier  times  the  brake-rope  becomes  entangled  by 
turning  oflFthe  pulleys  or  otherwife,  or  the  rope  flips  out  of  the 
h^d  of  the  man  who  condu£l&it:  in  either  of  which  cafes  the 
goods  might  defcend  with  all  the  accelerated  velocity  of  a  fall- 
ing body,  receiving  damage,  and  killing  or  maiming  the  men^ 
horfes,  &c.  which  happen  to  be  under  them.  But  thefe  evils, 
art  completely  remedied  by  a  lowering  regulator  of  the  following 
defi^ription,  invented  by  Mr.  Hardie. 

PI.  XI.  fig.  5.  A  fedion  of  the  regulator.. 
Fig.  6.  An  elevation  of  one  end  of  the  regulator.     The  fame 
jtetters  of  reference  being  put  to  the  correfponding  parts  in  thefc 
figures. 

AA,  a  caft-iron  box  fixed  to  the  floor  B,  divided  into  two 
(Compartments,  each  10  inches  long,  one  of  4  inches,  diameter, 
;uid  the  other  of  a  inches  diameter :  thefe  are  both  filled  with 
oil,  a  liquid  not  fubje£i  to  any  material  change  by  froft;  ot 
they  may  be  fil}ed  with  water  in  fammer  and  mild  weather,  and 
jfome  ipiridipui^liquor  (gin,  for  inftuice)  in  frofty  weather.  Th« 
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two  cyCnclers  communicate  with  each  other  by  C9  an  aperture  at 
^their  top,  and  'D,  an  aperture  at  their  bottom;  the  fmallepcom* 
^artment  having  a  cock  £,  with  its  axle  pai&ng  through  the  fide 
'  of  the  iron  box,  guarded  by  a.  fiuffing-box,  and  G  a  quadrant 
with  notches  fixed  at  its  end,  to  receive  H  the  iron  claw,  which 
keeps  the  cock  in  its  proper  fituation,  and  iliews  the  extent  of 
its  apertures  when  opened.  The  larger  compartment  has  a 
pifton  F,  with  its  rod  pafling  through  I,  the  top  of  the  iron  box 
('guardM  here  alfo  by  a  ftufRng-box),  and  paiBng  through  a 
guide:  this  rod  is  conne&ed  with  a  joint  moved  by  a  crank, 
which  is  turned  by  a  pinion  P  of  about  6  teeth;  and  this  pinion 
ia  moved  by  a  wheel,  of  a  (ia^e  fuite4  to  the  diameter  of  the  barrel 
of  the  crane  and  the  weight  of  the  goods  commonly  lowered: 
this  latter  wheel  is  fixed  to  the  axle  of  the  crane  by  a  fimple 
mode  of  conneftion,  which  admits  of  its  being  difengaged 
"during  the  operation  of  rifing;  it  is  alfo  provided  with  the 
barrel  rope  and  counter-weight,  which  are  commonly  ufed  for 
the  purpofe  of  winding  up  the  flack  crane  rope  on  the  barrel  of 
the  crane,  to  be  ready  to  repeat  the  operation  of  lowering. 
If  the  cock  E  were  quite  (hut,  the  oil  or  other  liquid  confined 
*  between  it  and  the  pilton  would  prevent  the  pifton  from  mov- 
ing, ahd  of  courfe  hinder  the  goods  hanging  from  the  wheels 
&c.  c6nne£led  with  P  from  defcending:  but  if  the  cock  were 
opened  a  very  little  the  oil  would  pafs  ik>wly  through  it,  and 
would  therefore  alk)W  the  pifton  F  to  move  up  and  down 
{iowly,  and  the  goods  to  defcend  (lowly  alfo:  and,  in  like 
'  manner,  a  further  opening  of  the  cock  will  permit  the  load  to 
defcend  with  a  greater  velocity:  ^thus  the  cock,  by  being  niore 
or  lefs  opened,  gives  the  precife  velocity  defired  to  the  defcent. 
of  the  goodS)  whatever  their  weight  may  b^. 

When  a  (mall  pinion  turned  by  a  winch  is  applied  to  the 

tooth-wheel,  occafionally  employed  to  turn  the  pinion  of  the 

(rank,  one  man  with  cafe  raiies  the  goods  an  inch  or  two,  in 

order  to  be  fwung  from  the  floor  preparatory  to  lowering;  tho 

^tural  defedi  of  the  winch  as  a  raifing  inftruinent  being  of  na 

Confider&tion  in  fuch  cafe,  where  the  goods  are  raifed  merely  to 

'   clear  the  floor :   fo  that  this  cnme  and  lowering  apparatus 

'ypflfefies  a  much  higher  degree  of  perfeAion  in  lowering  than 

^  aiiy  of  the  odier  cranes.    'Vhe  means  afforded  of  regulatiaff  ic 

7  to  lower  either  fmall  or  great  weights  with  facility,  expedition^ 

"^   mi.  fafiety,  and  without  depending)  durine  the  operation,  on  tho 

-^precsiriousr  attention  and  management  cl  a  man,  render  it,  ia 

our  opinion,  far  preferable  to  the  hazardous  and  limited  mode 

of  lowedng  goods  bv  the  brake:  while,  vnth  refpeA  both  to 

Afety  and  great  faving  of  hbour,  it  dbvioully  fuvpafiTeft  the 

'    ittoies'of'bwcrixig  hj  the  capftan  ^ifi  the  walk4Pg*w]M^»  whick 
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require  nearly  the  fame  number  of  men  to  lower  that  they  takk 
to  raife  any  weight* 

We  have  dwelt  the  longer  upon  the  fubje£l  of  cranes,  becaufe 
it  is  manifeftly  of  the  firft  importance  in  a  commercial  na^tion: 
Something  further,  of  too  much  utility  to  be  entirely  omitted, 
may  perhaps  be  found  under  the  articles  engine  to  let  down 
nveirits,  .GIBBET,  and  loading  and  unloading  ^ goods* 

Crane  is  alfo  a  popular  name  for  a  fyphon  employed  in  draw- 
ing off  liquors. 

This  crane  or  fyphon  is  nothing  elfe  than  a  bent  tube,  as 
ABG  (iig.  5.  pi.  X.).  If  the  fhorter  end  AB  be  immerfed  in  a 
vefiel  of  water  or  other  fluid  C,  then  by  applying  the  mouth  to 
the  end  G,  and  fucking  till  the  liquor  arrives  there,  it  will  con- 
tinue to  flow  out  at  the  end  G,  as  long  as  that  end  is  lower 
than  the  furface  of  the  fluid  in  the  veflel  C.  If  there  be.  a 
mouth'piece  at  £,  then  fucking  at  that  mouth-piece  (while  the 
end  G  is  ftopt  with  a  finger  or  otherwife)  will  make  the  fluid 
flow  when  the  obilru6iion  is  taken  away  from  G.  When  the 
'fluid  has  begun  to  flow,  the  hole  at  £  muft  be  (topped  up,  or 
the  fluid  will  flow  no  longer  than  till  the  furface  in  the  ve^el 
be  as  low  as  £. 

The  reafon  of  the  motion  of  the  liquor  in  the  fyphon  is  this ; 
the  perpendicular  height  of  the  column  BG  being  greater  than 
that  of  BA^  the  preflure  at  G  is  greater  than  at  A;  and  th« 
preflTure  of  the  atmpfphere  being  the  fame  at  both  orifices  (fup- 
pofing  them  of  equal  area),  therefore  the.  weight  at  G  will 
caufe  the  fluid  to  flow  out  there,  while  the  preSure  of  the  at- 
mofphere  will  force  more  liquor  up  the  end  A ;  and  dius  the 
motion  will  continue  fo  long  as  there  is  any  fluid  in  the  veflel^ 

Eovided  the  end  G  is  lower  than  the  end  A  of  the  fyphon* 
ence  it  is  manifeft  that  the  height  from  the  furface  of  the 
fluid  in  the  veflel  to  the  top  B  of  the  fyphon  muft  not  exceed 
the  altitude  of  a  column  of  the  fluid  wfaofe  weight  is  equal  to 
the  prefliire  of  the  atmofphere  on  the  fame  bafe. 

llie  operation  of  fucking  out  the  liquor  at  G,  which  is  oftet^ 
both  difagreeable  and  troublefome,  may  be  prevented  by  having 
aiB  aperture  at  the  top  B,  through  which  the  fyphon  may  pc 
completely  filled,  and  then  that  aperture  clofed  again.  Or  % 
fmaU  fyphon  may  be  inverted)  and  filled  with  the  fluid,  which 
may  b<e  kept  in  by  a  finger  applied  at  each  end  until  it  is  placed 
in  the  proper  ppfitton  for  work,  when  the  fingers  xpay  pe  %pf 
moved. 

The  fyphon  will  raife  a  ftteam  of  water  through  an  exten-^ 
five  fpace  in  every  fituation  where  a  little  defcent  can  be  proif 
fiired^  but  while  the  operation  continue^  no  wat^  can  be  taj^^i^ 


166  MACHINES. 

dnre&ly  out  of  the  ftream  above  the  lowefl;  part  of  the  tube* 
When,  however,  the  two  open  ends  of  a  fyphon  are  clofed,  a 
quantity  of  water  may  be  let  out  of  the  higheft  part,  and  its 
place  fupplied  by  introducing  a  like  quantity  which  is  of  no 
other  ufe :  all  the  avenues  for  the  purpofe  being  then  clofed^ 
and  the  dream  fuffered  to  flow  through  the  tube,  the  ufelefs 
water  will  be  difpl^ced,  and  a  frefh  quantity  may  be  foon  after 
drawn  off.  This  mode  of  exchange  may  be  ufeful  in  fumifh-* 
ing  a  fupply  for  wafhing,  and  fogie  other  purpofes;  but  there 
are  feveral  domeilic  ufes  for  which  the  water  drawn  off  will 
not  be  thought  fufficiently  pure.  A  method  of  taking  water 
out  of  the  fyphon  at  any  height  witliin  the  limits  of  the  elevation, 
without  retarding  the  ftream  or  introducing  another  quantity^ 
has  long  been  thought  very  defirable.  Mt.  IVilUam  Clofe^  of 
'  Dalton,  made  a  number  of  experiments  and  obfervations  to 
determine  the  pra£licability  of  the  proje£t ;  from  which  he  at 
length  deduced  the  following  arrangement  for  extradting  a 
quantity  of  nvater  out  of  a  fyphon  at  any  elevation  (within  its 
limits),  and  fupplying  its  place  with  air. 

Into  any  part  except  the  top  fide  of  a  vertical  fyphon  SY 
(fig.  5.  pi.  X.)  infert  two  fmall  pipes,  and  let  their  apertures  in 
the  infide  of  the  tube  be  divided  by  a  proje£ling  piece  about  a 
quarter  of  an  inch  thick;  wherever  the  pipes  are  inferted,  the 
piece  muft  be  placed  hi  fuch  a  pofition  that  the  current  will 
.ftrike  agaioft  one  of  its  flat  fides-  The  pipe  which  opens  on  that 
fide  of  the  obftacle  or  dam  ftruck  by  the  ftream  may  be  called 
the  water-pipe^  and  that  on  the  other  fide  the  air^pipe.  Infert 
their  other  ends  into  a  veffel  a  w.  The  air-pipe  oppofite  to  a 
muft  rife  to  near  the  top  of  this  veffel,  but  the  water-pipe  w 
need  not  arife  above  the  place  of  its  infertion.  A  cock,  per- 
fectly air-tight,  muft  be  fixed  in  each  pipe  between  the  veflel 
and  fyphon :  the  veffel  a  w  muft  have  a  tube  /  in  its  lower  part, 
for  letting  out  water;  and  this  tube  muft  have  a  cock  fixed  in 
it,  or  a  valve  covered  with  leather  to  clofe  its  lower  end.  To 
haften  the  delivery  of  the  water  in  this  veffel,  the  extemal  air 
may  be  admitted,  in  fuch  manner  as  is  moft  convenient. 

The  communication  between  the  vefl'el  and  fyphon  being  in- 
tercepted by  turning  the  cocks  in  the  pipes  a  w,  and  the  branches 
of  the  fyphon  clofed  at  their  lower  ends,  the  tube  may  be  filled 
with  water  through  an  aperture  in  the  top.  After  this  aperture 
is  clofed,  and  a  ftream  of  water  let  into  the  ciftern  C  for  fupply- 
ing the  fyphon,  the  ends  of  the  branches  may  be  opened,  and 
a  continued  ftream  will  flow  through  the  tube. 

When  it  is  ""required,  to  fill  the  veffel  a  tv  with  water,  exclude 
the  external  air,  and  open  the  pipes  between  it  and  the  fyphon« 
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The  vcflel  will  foon  be  filled,  and 'the  water  may  be  let  out  by 
opening  the  tube  /,  after  the  fmall  pipes  a  w  are  again  clofed 
by  turnint^  their  cocks. 

The  water  may  be  let  out  of  the  veflel  without  attendance,  by 
a  quantity  of  water  pafling  through  four  veflels  placed  in  the 
following  order  one  below  another,  and  each  provided  with  a 
fyphon. 

I.  The  higheft,  an  immoveable  veflel  filled  in  a  given  time. 
1.  A  defcending  veflel,  fufpended  from  a  lever  or  a  wheel,  which 
turns  the  cocks  in  the  tubes  oppofite  a  w  in  its  axis.  This  vef- 
fel  muft  have  a  tube  open  at  both  ends,  fixed  in  the  middle  of 
its  bottom.  3.  A  defcending  veflel,  to  open  the  valve  for  letting 
water  out  of  the  vefljel  a  w.  It  muft  be  fufpended  upon  the 
valve  by  a  cord  or  wire  pafling  through  the  tube,  in  the  middle 
6{  the  fecond  veflel.  4.  The  loweft,  a  veflel  of  the  fame 
width  with  the  fecond.  The  brim  of  it  muft  be  connefted  to 
the  outflde  circumference  of  the  bottom  of  the  fecond,  by  wires 
or  chains. 

In  this  arrangement  tbe  firft  veflel  will  empty  itfelf  into  the 
fecond,  which  will  clofc  the  cocks  in  the  pipes  oppofite  a  and 
w,  before  air  is  admitted  into  the  vefl'el  a  w.  The  third  will 
be  fitted  from  the  fecond,  and  the  water  in  the  veflel  a  w  will 
be  let  out  again ;  the  third  will  deliver  its  contents  into  the 
fourth  or  loweft,  which  will  keep  the  cocks  in  the  fmall  pipes 
oppofite  ^r  and  iv  clofe,  until  after  the  third  veflTel  is  empty,  has 
rifen  up,  and  the  external  air  can  no  longer  enter  the  veflTel  a  w. 
The  fourth  being  then  emptied  by  its  fyphon,  the  pipes  between 
the  vefl'el  a  w  and  fyphon  SY  will  open. 

The  diameter  of  the  fecond  veflel  fliould  be  fomething  lefs 
than' either  that  above  or  below  it.  The  fourth  ftiould  be  filled 
before  the  fecond  is  empty :  the  third  will  defcend  laft,  and  rife 
firft  :  the  fecond  and  fourth  will  rife  together,  immediately  after 
the  third.  If  the  fecond  and  fourth  were  to  rife  before  the  third 
the  fyphon  would  direSly  receive  a  quantity  of  external  air,  and 
its  operations  would  ceafe.  It  will,  therefore,  require  much 
caution  to  manage  the  cocks  and  valves,  if  another  vefl^el  fimiiar 
toi9  w  is  to  be  filled  while  this  laft  is  emptied,  and  emptied 
while  it  is  filled. 

The  veflel  a  w  ihould  not  be  large ;  and,  in  order  to  over- 
come the  buoyance  of  the  extrafted  air,  it  is  ad vi fable  to  make 
the  length  of  the  defcending  branch  of  the  fyphon  exceed  the 
length  of  the  afcending  one  as  miich  as  circumftanccs  will  ad- 
mit, and  to  let  the  loweft  part  of  it  be  made  of  a  conical 
divergent  form.  The  velocity  of  the  ftream  will  be  thits  en- 
creafed ;  the  vetfel  a  nv  will  be  fooner  filled  with  water;  and  the 
lleprcfliQii  of  the  two  icolumns  will  be  left  liable  to  happen  froiii 
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is^ry  flight  tmpei)£e£lioiui  of  workmanihtp*    Nicitt^otfs  y&irnaif 
4to,  vol.  IV.  p-  550.         • 

Mr.  Clofe  made  many  fubfequent  trials,  to  bring  this  appara<- 
tus  to  the  greatefl  penedion  it  would  admit  of:  the  refult  of 
the  whole  may  be  ieen  in  No.  45*  of  the  New  Series. of  NichoU 
fon*s  Journal,  where  Mr.  Clofe  has  given  the  defcription  and 
efiedls  of  an  apparatus  for  raifing  water  by  means  of  air  coiw 
denfed  in  its  defcent  through  an  inverted  fyphon. 

CYLINDERS y^r  STEAiii  bngjmbs,  h&ring  of,  is  an  operation  . 
ufually  carried  on  at  the  foundery  where  they  are  caft.  Thougk 
the  moulder  purfues  the  moft  corre£t  method  his  art  is  capable 
ofj  yet  it  is  impofllhle  to  be  certain  that  when  the  mould  has 
received  the  metal  from  the  furnace  it  ihall  come  out  quite 
straight ;  and  if  it  ihould  come  out  crooked  it  muft  remain  (o  ;. 
for  the  old  method  of  boring  will  never  make  it  otherwife  in 
that  refpe£):.  It  is  not  like  boring  a  piece  of  metal  which  i# 
ijpiite  foiid,  as  in  boring  guns,  &c.  All  the  old  boring  can  do 
to  a  cylinder  is  to  make  it  round  and  fmooth,  for  there  is  no- 
thing to  conduct  the  boring  bit  in  its  progrefs  through  the  piece 
but  the  form  given  it  by  the  moulder ;  and  a  piece  bored  after 
this  manner  may  look  very  well,  yet  if  it  is  not  ftraight  ic  is  not 
a  cylinder:  and  an  engine  executed  with  fuch  a  veflel  as  that  will 
be  good  or  ill  in  that  refped>  as  it  approaches  to  or  is  further  off 
thie  degree  of  exa&nefs  conftituting  it  a  cylinder. 

The  new  method  of  boring  (which,  as  u)  obferved,  article 
stejlM  ENOiii;^,  was  firft  praf^ifed  at  Burham,  a  foundery  be^ 
longing  to  Mr.  Wilkinfon,  iron-mafter)  infures  all  the  per- 
fe&ion  the  fubje£k  is  capable  of ;  and  when  the  proceis  is  con- 
4u£led  by  an  intelligent  workman,  if  the  cylinder  fliould  be  cait 
ever  fo  crooked,  pr  ever  fo  thick  on  one  fide  more  than  anothery 
hq  p^n  tal(cout  the  redundapcy  on  that  fide,  and  but  ibarcely 
tOHch  the  other.  .  This  will  be  eafily  admitted  when  it  is  ui^^ 
derftpod  that,  whereas  in  the  old  method  of  boring  the  inftru* 
Tawt  which  performs  the  part  of  cutting  the  metal  is  guided  in 
its  progrefs  by  the  already  incorre£^  form  of  the  piece  itfelf ;  but 
\n  uie  new  method  the  cutting  apparatus  is  condu&ed  along  a 
thing,  which  in  itfelf  is'a  mafterpiece  of  workmanfhip,  a  per*' 
icSk  cylinder^  and  is  what  the  workmen  call  the  boring  bar,  an4 
is  p^ft  gi  the  beft  pigs  that  can  be  procured,  and  turned  with 
the  ^tmoft.  pare  and  preci%>n  :  consequently,  whatever,  is  con-% 
du£led  along  this  bar  will  proceed  in  a  right  line ;  and  as  it  Is  in- 
tended that  this  (haU  be  the  -conduAor  of  the  cutter-blopk,  being  • 
furjfii&ed  ^ithproper-cutters,  it. mud  cut  the  interior  furface  of 
the>  pie^  quite 'ftraight,  though  it  may  hgve  been  ever  fo  crooked, 
before.  •  1.  .  . .  ,  :. 
TO^^  Ums  fe^f  being^turn^d  verjr  tme^  it  is  to  ha?e  a  groove  of?  ^ 
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tvo  cut  oppofite  toleacb  other,  in  a  line  parallel  to  its  axis ;  theft 
there  is  a  focket  of  cad  iron  of  fuch  ditnenHons  as  to  fuit  for  cylin-^ 
ders  of  various  diameters,  and  this  focket  is  to  be  nic^ljr  bored  and 
ground  on  the  bar ;  and  then  it  rauft  have  a  fillet  or  two  (ao.' 
cording  to  the  groove  or  grooves  in  the  bar)  let  in  on  the  infide^ 
ib  as  to  Aide  along  the  bar,  but  not  to  turn  round  upon  it :  the 
external  part  muft  be  made*  conical,  with  four  or  iix  duds  upon 
the  bafe  of  it  to  receive  the  cutter  block.  The  next  thing  is  to 
give  a  progreOive  motion  to  this  focket  and  cutter  block  while 
the  bar  is  turning  on  its  own  axis  %  and  that  is  done  by  fosie 
with  a  collar  of  metal  fitted  on  the  focket,  and  to  that  collar  are 
connedied  two  racks,  long  enough  to  reach  through  the  cylinder 
and  communicate  with  a  pair  of  pinions,  by  which  the  focket  it. 
drawn  ot  puflied  along  tlie  bearing  bar  by  the  means  of  two  levers^ 
carrying  a  weight  at  each  fufficiently  heavy  to  overcome  all  re« 
fiftance  in  the  operation. 

Another  method  of  giving  a  progreflive  motion  to  the  blocfe 
hf  to  drill  a  hole  through  the  whole  length  of  the  bar,  to  admic 
a.fingie  rod^  to  be  communicated  to  the  focket  by  finking  th^ 
groove  (for  in  this  cafe  there  can  be  but  one)  entirely  through 
one  fide  of  the  bar,  fo  as  to  come  into  the  hole  that  has  juft. 
been  drilled  through  the  bar.  Then  a  branch  from  the  inter* 
nal  part  of  the  focket  muil  be  fitted  into  the  groove  with  ancyf 
to  receive  the  end  of  the  rod,  which  is  then  to  be  f  iirniihed  with  a 
key,  or  a  nut  and  waiher,  to  keep  it  in  -its  place  while  the  bar  and 
focket  is  turning  round,  and  a  weight  with  a  rope  over  a  pulley 
is  applied  to  give  motion  to  the  focket  along  the  bar.  1  his  u 
the  bed  way  of  applying  this  method  to  boring  of  fmall  cylinr 
ders,  becaufe  there  is  no  incumbrance  upon  the  focket ;  and  if 
the  bar  is  fufficiently  ftrong  it  will  move  with  great  fteadinels. 

ELLIPSOGRAPH  is  the  name  given  by  the  anonymous 
author  of  a  German  publication,  entitled  '^  Btfchrnbung  einn 
Ellipfography  womit  man  wahre  Ellipsen  ohne  Berechnung  der 
Brennpunkte fihr  leicbt  befchreiben  ian/tf  See.  publifbcd  at  Qoth« 
in  1 794,  to  a  fimple  and  unvyerfal  inftrumentfor  drawing  eUipfes. 
I'he  inftrument  has  been  long  known  to  our  mathematiciansi 
and  has  been  defcribed,  tliough  not  in  foch  general  terms  as 
it  admits  of,  in  Emerfon's  Conies,  Hfitton^s  Mathematical 
Dictionary,  and  other  works;  but  as  it  has  not  y^t  been  adopte4 
for  pra£bical  purpofes,  though  it  is  far  preferable,  in  our  opi-^ 
nion,  to  any  inftrument  for  drawing  ellipfes  now  in  ufe,  we 
^e  this  opp<nrtunity  of  recommending  it  to  general  notice* 

The  ellipfograph  confifts  of  three  fiat  and  moderately  thla 
rulers  of  wx)od  orhrafs,  two  of  which  muft  be  of  equal  lengths ; 
and  it  may  be  as  well  if  the  length  vf  thefe  two  together  be  equal 
p  fi^%  Hi  the  tbird  ruler,    i^  tlie  two  (hortev  of  tl^e  luters  ^ 
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Eierced  with  a  number  of  hoJc«  at  equal  di dances,  the  holes 
eing  capable  of  receiving  either  a  pin  on  which  the  rulers 
may  turn  as  upon  a  joint,  or  a  pencil  by  which  the  curve  may 
be  defcribed :  then  by  connecting  thefe  rulers  either  as  in 
fig.  5.  or  fig.  6.  pi.  XIV.  an  ellipfe  may  be  readily  defcribed. 
Thus,  in  fig.  5.  hang  one  end  of  the  ruler  AB  upon  a  pin  in 
die  middle  of  the  ruler  KL,  and  take  the  point  B  fuch  that  AB 
*=  BD,and  AB-f-'BJ)  a^femiconjugate  +  femitranfverfe  of  the 
i5llipfe,the  ruler  BD  turning  upon  a  pin  in  B  as  a  joint :  take 
the  point  £  fo  that  D£  =<=  femiconjugate,  and  put  a  pencil  into 
the  hole  of  that  point :  then,  if  the  end  D  of  the  ruler  BD  be 
flidden  along  the  edge  KL  of  the  ruler  which  pafles  through  the 
centre  A,  the  pencil  at  E  will  defcribe  a  true  ellipfe  having  the 
propofed  diameters.  Again,  taking  the  method  reprefented  ia 
fig.  6.  upon  the  ruler  AC,,  hang  the  ruler  BG  at  B,  fo  that 
AB  +  BE  =  femitranfverfe,  while  AB  =  BD  =?a  half  the  differ- 
ence of  the  femitranfverfe  and  femiconjugate  axes :  then,  while 
a  pin  at  D  Aides  along  the  edge  of  the  ruler  KL  the  pencil  at  E 
^ill  defcribe  the  ellipfe  required.  The  truth  of  this  me'thod  of 
conftru(3.ion  is  demon fl rated  in  Emerfon's  Conies,  prop.  75, 
ellipse. 

'I'his  inftrument  may,  it  is  obvious,  be  eafily  made  either  f6 
as  to  conftruffc  fmall  ellipfes,  now  commonly  defcribed  by 
means  of  the  elliptical  compalles  ;  or  upon  a  larger  fcale,  for 
the  purpofe  of  defcribing  elliptical  centring  for  arches  of  bridges, 
&:c.  In  the  latter  cafe  the  ellipfograph  may  be  made  fufficlently 
ftrong  without  being  any  way  cumberfome  iii  praGice.^  In  the 
aftual  conftru<iiion  of  the  inftrument  the  ruler  KL  (hould  bfc 
riie  thickeft,  and  the  other  two  legs  made  to  run  upon  frid^ion 
Tollers,  as  in  the  conftruftion  of  the  pentagraph. 

It  may  not  be  altogether  ufelefs  juft  to  remark,  that  in  both 
methods  of  ufing  the  inftrument  the  point  B  will  defcribe  a 
6*rcular  arc ;  and  if  the  ruler  DB  had  a  part  above  B,  equal  to 
PB,  the  upper  extremity  of  that  part  wouJdj  during  the  motion 
of  the  point  D  along  KL,  defcribe  ji  right  line.  This  follows 
evidently  from  what  was  flicwn  in  art.  8.  of  the  introduftory  part 
of  ti'is  volume.   * 

ENGINE  to  itt  doivn  heavy  weights.  The  fimple  method  we 
are  now  about  to  defcribe  was  invented  by  father  Rfffin^  in 
1 7 14.  Snp|>ofe  it  were  required  to  lower  large  ftones  from  the 
tt)p  of  a  wall  which  is  intended  to  be  taken  down:  erefta'frame, 
or  fet  up  a  gin  clof^  by  the  Mi:  of  the  wall,  and  let  the  plillcy 
F  (fig.  4.  pi-  IV.)  be  firmly  attached  to  thi«  frame.  Overthii 
pulley  mull  pafs  a  cord,  one  end  of  which  C  has  a  hook  td 
which  the  ilone,  8c c.  can  ,rea<Hly  be  fattened  5  the  other  end  D 
carries  a  yeiTel^  which  may  be  fiUeci  wUh  water  from  the  ^e- 
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fervoir  M,  on  the  ground  at  the  bottom  of  the  wall.  Then, 
while  one  man  is  fixing'  the  ftone  to  the  hook  at  the  top  of 
the  wall,  let  Another  put  water  into  the  veflcl  D  at  the  botton) 
till  it  nearly  equals  the  weight  of  the  ftone :  after,  which,  leaving 
both  to  the  free  operation  of  gravity,  or  checking  the  motion 
a  little  if  neceflary,  the  ftone  will  gradually  delcend  to  the 
ground,  while  the  veiTel  D  will  he  carried  up  to  a  funnel  A, 
into  which  the  water  may  be  poured,  and  thence  conveyed  by  a 
wooden  or  a  leather  pipe  to  the  refcrvoir  M.  Then  the  veflei  D 
may  be  fuffered  to  defcend,  and  the  hook  C  will  be  raiftjd  to  be 
fixed  to  another  ftone :  and  thus  the  operation  may  be  repeated 
as  often  as  is  nece^Tary. 

The  fame  method  may  likewife  be  adopted  in  lowering  facks 
from  a  high  granary,  or  packages  from  an  upper  warehoufe« 
The  velocity  of  the  defcending  weight  may  be  fo  regulated  as 
to  have  any  proportion  to  that  which  gravity  imparts  to  bodies 
falling  freely  :  thus,  if  W  denote  the  weight  to  be  lowered,  V 

that  of  the  veffel  of  water,  we  (hall  have  «q:^>  for  the  fra£kion 

cxpreffing  the  ratio  of  the  velocity  to  that  freely  imparted  by 
gravity  when  denoted  by  unity.  Thus,  if  V^fW,  the  weight 
will  fall  through  f  of  i6,^j,  or  about  5^  feet  in  the  firft  fecond: 
if  V=  I  W,  the  weight  will  fall  through  f  of  i6,-^,  or  about  3j- 
feet  in  the  firft  fecond:  the  frid:ion  of  the  pulley  being  in  both 
inftances  difregarded. 

FILES,  machine  for  cutting  of.  There  have  been  various  con^ 
trivances  for  this  purpofe  j  but  the  beft  we  are  acquainted  with 
is  defcribed  in  the  Tranfa£tions  of  the  American  Philofophical 
Society,  and  Is  as  follows  :  A  AAA  fig.  6.  pi.  X.  is  a  bench 
made  of  well-feafoned  oak,  the  face  of  which  is  planed  very 
fmooch.  BBBBB  the  feet  of  the  bench,  which  (hould  be  fubi- 
ftantiah  CCCC  the  carriage  on  which  the  files  are  laid,  which 
moves  along  the  face  of  the  bench  AAA  A  parallel  to  its  fides, 
and  carries  the  files  gradually  under  the  edge  of  the  cutter  or 
phifel  HH,  while  the  teeth  are  cut :  this  carriage  is  made  to 
inove  by  a  contrivance  fomewhat  fimilar  to  that  which  carries 
the  log  againft  the  faw  of  a  faw-mill,  as  will  be  more  particu- 
jarly  defcribed.  DDO  are  three  iron  rodii,  inferted  into  the 
ends  of  the  carriage  CCCC,  and  pafling  through  holes  in  the 
ftuds  £££,  which  s^re  fcrewed  firmly  againft  the  ends  of  the 
bench  AAAA,  for  directing  the  courfe  of  the  carriage  CCCC, 
parallel  to  the  fides  of  the  faid  bench.  FF  two  upright  pillars, 
mortifcd  firmly  into  the  bench  AAAA  nearly  cquidiftant  from 
^ach  end  of  it,  near  the  edge,  and  directly  oppofitc  to  each 
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Other.  G  the  lever  or  arm  which  carries  the  cutter  HH  (fixed 
by  the  fciCA'  I),  and  works  on  the  centres  of  two  fcrews  KKf 
which  a,e  fixed  into  the  two  pillars  FF  in  a  direction,  right 
acrofs  the  bench  AAA  A.  By  tightening  or  lo^ofening  tbefc 
fcrews  the  arm  which  carries  the  ehifcl  may  be  made  to  woric 
more  or  lefs  flcadily.  L  is  the  regulating  fcrew,  by  means  of 
Y^hich  the  files  may  be  made  coarfer  or  finer ;  this  fcrew  worin 
in  a  dud  M  which  is  fcrewed  firmly  upon  the  top  of  the  ftudF*: 
the  lower  end  of  the  fcrew  L  bears  againft  the  upper  part  of  the 
arm  G,  and  limits  the  height  to  which  it  can  rife.  N  is  a  ileel 
fpring,  one  end  of  which  is  fcrewed  to-  the  other  pillar  F,  and 
the  other  end  preifes  againft  the  pillar  0|  which  is  fixed  upon 
the  arm  G  ;  by  its  preflure  it  forces  the  faid  axm  upwards,  until 
it  meets  with  the  regulating  fcrew  L.  P  is  an  arm  with  a  claw 
at  one  end  marked  6,  the  other  end  is  fixed  by  a  joint  intatbe 
end  of  the  ftud  or  pillar  O ;  and,  by  the  motion  of  the  arm  G^ 
is  made  to  move  the  ratch-M'heel  Q\^  This  ratch- wheel  is  fixed 
upon  an  a?cis,  which  carries  a  fmall  trundle-head  or  pinion  R, 
on  the  oppofite  end  ;  this  rakes  into  a  piece  SS,  which  is  in- 
dented with  teeth,  and  fcrewed  firmly  againft  one  fide  of  the 
carriage  CCCC:  by  means  of  this  piece  motion  is  communicated 
To  the  carriage.  T  is  a  clamp  for  faftening  one  end  of  the  file 
ZZ  in  the  place  or  bed  on  which  it  is  to  be  cut.  V  is  another 
clamp  or  dog,  at  the  oppofite  end,  i^hich  works  hf  a  joint  W, 
firmly  fixed  into  the  carriage  CCCC  Y  is  a  bridge,  likewife 
fcrewed  into  the  carriage,  through  which  the  fcrew  X  pafles, 
5md  prefles  with  its  lower  end  againft  the  upper  fide  of  die 
clamp  V  5  under  which  clamp  the  other  end  of  the  file  ZZ 
is  placed,  and  held  firmly  in  its  fituation  while  it  is  cutting, 
by  the  prefTure  of  the  faid  clamp  V.  7777  is  a  bed  of  lead, 
which  is  let  into  a  cavity  formed  in  the  body  of  the  carriafe, 
fomcthing  broader  and  longer  than  the  largeft  fized  files ;  Ae 
tipper  face  of  this  bed  of  lead  is  formed  varioufly,  (b  as  to 
fit  the  different  kinds  of  files  which  may  be  required.  At 
the  figures  2  2  arc  two  catches  which  take  into  the  teeth  of 
the  ratch- wheel  CJ>  to  prevent  a  recoil  of  its  motion.  3  3  is 
a  bridge  to  fupport  one  end  4  of  the  axis  of  the  ratch-wheel  Qj^ 
^  a  ftud  to  fupport  the  other  end  of  the  axis  of  that- wheel.. 

When  the  file  or  files  are  laid  in  their  place,  the  machine  muft 
be  regulated  to  cut  them  of  the  due  degree  of  finenefs,  by  means 
of  the  regulating  fcrew  L;  which,  by  fcrewing  further  through 
the  arm  M,  will  make  the  files  finer,  and;  vice  verfa^  by  un* 
fcreWing  it  a  little,  will  make  them  coarfet ;  for  the  arm  <5 
>vill,  by  that  means,  have  liberty  to  rife  the  higher,  which  will 
^afioii  thq  arm  P,  with  the  cl^i%  to  move  f\lr^lcr  alpog  tbc 
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periphery  of  the  ratch-wheel,  and  confequently  communicate  a 
more  extenfive  motion  to  the  carriage  CCCC^  and  make  the  files 
iroarfer. 

When  the  machine  is  thus  adjufted,  a  blind  man  may  cut  a 
file  with  more  exaftnefs  than  can  be  done  in  the  ufual  method 
with  the  keeneft  fight :  for  by  ftriklng  with  a  hammer  on  the 
head  of  the  cutter  or  chifel  HH>  all  the  movements  are  fet  it 
work  ;  and^  by  repeating  the  ftroke  with  the  hammer,  the  files 
on  one  fide  will  at  length  be  cut :  then  they  mud  he  turned,  and 
the  operation  repeated,  for  cutting  the  other  fide.  It  is  need^  . 
leis  to  enlarge  much  on  the  utility  or  extent  of  this  machine  \  , 
fati  on  an  examination,  it  will  appear  -toperfons  of  but  indif- 
ferent mechanical  ikill,  that  it  may  be  made  to  work  by  water 
as  readily  as  by  hand,  to  cut  coarfe  or  fine,  large  or  fmall,  files,^ 
or  any  number  at  a  time ;  but  it  may  be  more  particularly  ufe* 
ful  for  cutting  tcry  fine  froall  files  for  watchmakers  \  as  they 
may  he  executed  by  this  machine  with  the  greateil  equality  and 
nicety  imaginable.  As  to  the  materials  and  dimenfions  of  the 
feveral  parts  of  this  machine,  they  are  left  to  the  judgment  and 
(kill  of  the-artift  who  may  have  occafion  to  make  one  *,  only  ob- 
ierving  that  the  whole  (hould  be  capable  of  bearing  a  good  deal 
of  violence. 

FIRE«ESCAPB,  a  machine  for  removing  perfons  from  the  up- 
per ftories  of  boufes  on  fire.  It  con  fids  of  a  pole,  a  rope,  and  a 
bafket.  The  pole  is  of  fir,  or  a  common  fcaffbld  pole,  of  any 
Gonrenient  length  from  36  to  46  feet.  The  diameter  at  bottom, 
or  greateft  end,  about  five  inches ;  and  at  the  top,  or  fmnlleft 
end,  abput  tliree  inches.  At  three  feet  from  the  top  is  a  mortife 
through  the  pole,  and.  a  pulley  fixed  to  it  of  nearly  the  fame 
diameter  with  the  pole  in  that  part.  The  rope  is  about  three 
quarters  of  an  inch  diameter,  and  twice  the  length  of  the  pole^ 
with  a  fprifig  hook  at  one  end,  to  paf$  through  the  ring  in  the 
Imndle  of  the  baiket  when  ufed  :  it  is  put  through  the  mortife 
over  the  pulley,  and  then  drawn  tight  on  each  fide  to  near  the 
bottom  o£  the  pole,  and  made  faft  there  till  wanted.  The  bafket 
ihould  be  of  ftrong  wicker-work,  three  feet  and  a  half  long,  two 
feet  and  a  half  wide,  rounded  off  at  the  comers,  and  four  feet 
deep,  rounding  every  way  at  the  bottom.  To  the  top  of  the 
baiket  b  fixed  a  ftrong  iron  curve  or  handle,  with  an  eye  or  ring 
in  the  middle  \  and  to  one  fide  of  the  baiket,  near  the  top,  is^red- 
a  fmaH  cord,  or  g«ide*rope,  of  about  the  length  of^che  pole. 
When  tliie  pole  i«  raifed,  and  fet  agai^ift  a  houfe  over  the  window 
from  which  any  pet£ons  are  to  efcape,  the  manner  of  ufing  it  i» 
4s:t  plain  afid  obvious,  that  it  need  not  be  described.  The  moft 
convenient  4ifta8ce  from  the  hou£e  for  the  foot  of  the  p(^e  X9 
ftand>  where  pra&icable^  is  about  xa  or  14  feet.    If  two  ftrong 
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iron  ftrapSi  aboiit  three  feet  long,  riveted  to  a  bit  Crotsj  an4 
fpnreading  about  14  inches  at  the  foot^  were  Sxed  at  the  bottom 
of  the  pole,  this  would  prevent  its  turning  round  or  flipping  on 
the  pavement :  and  if  a  ftrong  iron  hoop,  or  ferrule,  riveted  (ot 
welded)  to  a  femicircular  piece  of  iron  fpreading  about  12  iiiches, 
and  pointed  at  the  ends,  were  Axed  on  at  the  top  of  tlie  pole,  ic 
would  prevent  its  iliding  againfl  the  wall. 

W  hen  thefe  two  laft-mentioncd  irons  are  fixed  on,  they  give 
the  pole  all  the  fteadinefs  of  a  ladder ;  and  becaufe  it  is  not  eafy^ 
except  to  perfons  who  have  been  ufed  to  it,  to  raife  and  fet  uprighs 
a  pole  of  40  feet  or  more  in  length,  it  will  be  convenient  to  have 
two  fmall  poles  or  fpars  of  about  two  inches  dianieter,  fixed  to 
the  fides  of  the  great  pole  at  about  two  or  three  feet  above  the 
middle  of  it,  by  iron  eyes  riveted  to  two  plates,  fo  as  to  turn  every 
way  *,  the  lower  end  of  thefe  fpars  to  reach  within  a  foot  of  the 
bottom  of  the  great  pole,  and  to  have  ferules  and  ihort  fpike^  to 
prevent  Aiding  on  the  pavement,  when  ufed  occafionally  to  fup- 
t>ort  the  great  pole  like  a  tripod.  There  fhould  be  two  ftrong  aib 
trundles  let  through  the  pole,  one  at  four  feet  and  one  at  five  feet 
from  the  bottom,  to  ftand  out  about  eight  inches  on  each  fide^ 
and  to  ferve  as  handles,  or  to  twift  the  rope  round  in  lowering 
a  very  heavy  weight.  If  a  block  and  pulley  were  fixed  at  about 
tbe  middle  of  the  rope,  above  the  other  pulley,  and  tlie  other  part 
of  the  rope  made  to  run  double,  it  would  diminifli  any  weight  in 
the  bafket  nearly  one-half,  and  be  very  ufoful  in  drawing  any  per- 
fon  up  to  the  afiiftance  of  thofe  in  the  chambers,  or  for  removing 
any  effe£):s  out  of  a  chamber,  which  it  might  be  dangerous  to  at-* 
tempt  by  the  ftairs. 

It  has  been  proved,  by  repeated  trials,  that  fuch  a  pole  as.  we 
have  been  fpeaking  of  can  be  raifed  from  the  ground,  and  two 
or  three  perfons  taken  out  of  the  upper  windows  of  a  houfe^ 
and  fet.  down  fafely  in  the  ftreet,  in  the  fpace  of  35  feconds,  or 
a  little  more  than  half  a  minute.  Sick  and  infirm  perfons^ 
women,  children,  and  many  others,  who  cannot  make  ufe  of  t 
ladder,  may  be  fafely  and  eafily  brought  down  from  any  of 
the  windows  of  a  houfe  on  fire  by  this  machine,  and,  by  put- 
ting a  {h6rt  polei  through  the  handles  of  the  baiket,  may  be 
removed  to  any  diftance  without  being  taken  out  of  the.  baf^ 
kef.  '  Tht  pole  muft  always  have  the  rope  ready  fixed  to  it>  and 
tnay  b^  conveniently  laid  up  upon  two  or  three  iron  hooks  un** 
der  an,y  fhade  or  gateway,  and  the  balket  ihould  be  kept  at 
the  waich-houfe.  When  the  pole  is  laid  up,  the  two  fpari 
ihould  always  be  turned  towards  the  head  of  it.  The  baiket 
fliould  be  made"  of  peeled  rods,  and  the  pole  and  fpars  painted  of 
a  light  ftotie-colour^  to  render  it  more  vifible  when  ufeS  in  tbs 


,  flRE-l^NGINE,  tbe  name  now  commonly  given  to  a  machine 
by  which  water  is  thrown  upon  fires  in  order  to  extinguifh  them* 
Various  machines  have  been  contrived  for  that  purpofe  at  dilRsr- 
ent  times;  the  moft  efiential  particulars  in  a  few  of  which  w« 
(hall  here  dtfcribe. 

'llie  ufual  conftruftion  of  the  fire-engine,  after  the  great  im- 
provements were  made  in  it  by  Mr.  R.  NewQiam,  was  nearly 
that  which  IS  exhibited  in  fig.  2,  pi.  XV.  where  we  have  repre* 
fented  a  vertical  fe£llon  of  the  engine.     The  motion  of  th* 
water  in  tliis  machine  is  cfftclcd  by  the  preffiire  of  the  atmo*. 
fpherc,  the  force  of  men  adtin^  upon  the  extremities  H',  H ',  of 
a  Itiver,  and  tlience  giving  motion  to  the  piftoiis,  and  by  the 
elafticity  of  condeiifed  air,  in  the  following  manner: — When 
the  pi  (Ion  R  is  ralfed  a  vacuum  would  be  made  in  the  barrel 
T0  if  the  water  did  not  follow  it  from  the  inferior  canal  EM 
(through  the  valve  II),  which  rifes  through  the  tube  EF  im- 
merfed  in  the  wdV^x  of  a  vefl'el  by  the  prelTure  of  the  atmofphere 
on  its  furface.     The  water  of  the  barrel  TU,  by  the  fucceeding 
depreflion  of  the  pifton  R,  fhuts  the  valve  H,  and  is  forced, 
through  the  fuperior  canal  ON,  to  enter  by  the  valve  I  into  thfe 
air-veflel  abed;  and  the  like  being  done  alternately  with  re-  * 
fpefl  to  the  other  barrel  WX,  and  its  pifton  S,  the  air-veflel  i8> 
by  thefe  means,  continually  filling  with  wat^r,  which  greatly 
comprefTes  the  air  above  the  furface  of  the  water  in  that  veflel, 
and  thereby  proportionally  augments  its  fpring;  which  at  length 
is  fo  far  increafed  ns  to  re-a^t  with  great  force  on  the  furface  YZ 
of  the  fubjacent  water,  and  compel  it  to  afcend  through  the  fmall 
tube  e^  to  the  flop-cock  e  gy  where  upon  turning  the  cock  th^ 
water  is  fuffered  to  pafs  through  a  pipe  h  fixed  to  a  ball  and 
focket ;  from  the  orifice  of  which  it  iflues  in  a  continued  (Iream 
with  a  great  velocity,  to  a  confiderable  height  or  diftance;  and  it 
-  is  ufually  kept  from  diverging  too  foon  in  its  progrefs  by  mean$ 
of  a  long  feries  of  flexible  leather  pipes,  properly  joined  tOr 
gether,  and  known  among  the  fire  men  by  the  name  of  the 
hofe. 

Defaguliers  remarks  (vol.  I.  p.  .257.)  tliat  Mr.  Newfiiam 
contrived  hi?  engines  in  fuch  a  manner,  "  that  part  of  the  men 
who  work  them  exert  their  force  by  treading,  which  is  mor9 
elFeclual  than  any  other  way  that  men  can.workat  fuch  engines^ 
the' whole  weight  of  the  body  being  fucceflively  tlirown^  on  the 
forcers  of  ^he  pumps :  and  even  part  of  a  man's  Arcngtli  may  bfe 
added  to  the  y/eight  by  means  of  horizontal  pieces  to  which  he 
dan  apply  his  hands  when  he  is  treading:  whereas,  by  applying 
the  hands  to  move  levers  or  turn  winches,  the  power  muft  zSt 
very  unequally.  This  is  the  reafon  why  with  the  fame  number 
(5/  mcn^lBe  has  generally  throwa  water  further,  higher,  and  iu 
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greater  quantities,  with  the  fame  fized  engine^  than  other  en* 
gineers  who  have  tried  their  eiigufc&  agatnit  his."  Not withftand^ 
ing  the  truth  of  this  remari^  wc  are  not  aware  that  the  com- 
bination of  human  weight  and  ftrength  here  recommended  has 
.been  pradiifed  in  any  fubfequent  fire«enginesy  or  indeed  in  any 
machines  whatever^  except  the  ingenious  walking  crane  of  Mr. 
Hardie. 

.'  The  greateft  artifice  in  the  engine  according  to  the  con- 
ftru£lion  juft  defcribed  is  the  contrivance  to  produce  a  continuat 
Jlnam,  which  is  done  by  the  com  predion  and  proportional  elafti- 
cit  J  of  air  in-  the  barrel  a  b  e  dy  called  the  air-veflel.  For  the  air, 
bemgan  elafUc  fluid)  will  be  fufceptible  of  compreffion  in  any 
degree  by  the  water  forced  in  through  the  valves  at  IK ;  and, 
fince  the  force  of  ^e  air's  fpring  will  always  be  inverfely  as  the 
fpace  it  poffeiies  (art.  489.  voL  f  )>  it  follows  that  when  the  air- 
veiiel  is  half  full  of  water  the  air  will  be  compreiTed  into  hal^ 
the  fpace  it  poflcfled  at  firft,  and  therefore  its  fpring  will  be  twice 
as  great  as  at  iirft. 

But  this  fpring  at  firft  was  equal  to  the  preflure  of  the  at* 
mofphere  on  the  fame  furface  :  for  if  it  were  not  It  could  not 
have  fuftained  or  reiifted  the  preflure'  of  the  atmofphere  which 
ftood  over  it,  and  confequently  could  not  have  filled  the  veflel 
before  the  water  was  driven  in ;  which  yet  we  find  it  did,  and 
maintained  an  equilibrium  with  the  common  air.  The  veflel 
then  beixijg  half  filled  with  water,  or  the  air  compreiTed  into  half 
the  firft  (pace,  its  fpring  will  in  this  cafe  be  equal  to  twice  the 
preiTure  of  the  atmofphere;  and  therefore  when  the  ftopcockat 
p  is  turned,  the  air  within,  preAing  on  the  fubjacent  water  with 
twice  the  force  it  meets  with  from  the  external  air  in  the  pipe  tf, 
wilFcaufe  the  water  to  fpout  out  of  the  engine  to  the  height  of 
3^  or  33  feet,  if  the  friflion  is  not  too  great. 

When  the  air^vefTel  is  \  full  of  water,  the  air  takes  up  \  part} 
whence  its  fpring  will  be  three  times  as  great  as  that  of  xh^ 
common  air,  and  it  will  proje6l  the  water  with  twice  the  com« 
tuon  atmofpheric  prefliire  *,  confequently,  it  will  rife  to  the 
height  of  6a  or  64  feet.  When  the  air- veflel  is  ^  full  of  water 
ibe  air  will  be  compreiled  into  its  \  part,  and  fo  will  protrudd 
the  water  with  three  times  the  atmofpheric  preflure,  and  carry 
It  to  the  height  of  96  or  99  feet.  Hence  it  will  be  eafy  to  flat* 
ihe  law  by  which  the  i^rtng  of  the  air  will  z€t  on  the  furfaoi 
tf  thf  waier  belov  it^  as  in  the  foUowing  tablo. 
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Various  alterations  and  improvements  have  been  made  froni 
time  to  time  in  the  conftruftion  of  FirCrengincs.  The  con- 
trivers of  fome  of  thefc  improvements,  as  Meflrs.  Bramati^ 
Dickenfon,  Simpkin,  Rowntree,  and  PhilHpSi  have  fecured  their 
inventions  from  infringement  by  patents;  the  fpecifications  of 
moft  of  which  may  be  feen  in  the  Repertory  of  Arts  and  Mano- 
fa£ture8.  In  the  year  1785  the  filver  medal  and  twenty  guineas 
were  conferred  by  the  **  Society  for  the  Encouragement  of  Arts,** 
&c.  on  Mr.  Furft,  as  a  reward  for  his  contrivance  to.  increate 
the  efied  of  engines  in  extinguifhing  fires;  of  which  the  follow* 
ing  is  a  fhort'defcription :  from  a  platform  rifcs  an  upright  pole 
or  maft,  of  fuch  height  as  may  be  judged  neceifary;  a  gaft  flide^ 
upon  it  in  an  aftending  dire£tion,  and  along  both  is  conveyed 
the  leather  hofe  from  the  engine.  The  branch  or  nofe-pipe  of 
the  engine  proje£ts  at  the  extremity  of  the  gaft ;  towards  which 
an  iron  frao^e  is  fixed,  whence  two  chains  are  fufpended ;  and 
from  thefe  hang  ropes,  which  ferve  to  give  an  hori^contal  di* 
reftion  to  the  branch;  while  other  ropes,  that  run  through 
proper  puUtes,  and  are  thus  conveyed  down  the  maft,  ferve 
Mewife  to  communicate  a  vertical  motion  to  it.  By  thefe 
means,  the  branch  or  nofe-pipe  of  the  engine  is  condu<2ed  into 
the  window  of  any  room  where  the  fire  more  immediately 
laget;  and  the  effe^  of  the  water  difcharged  is  applied  in  the 
moil'  efficacious  manner  to  the  extinguifhing  of  the  fla|nes* 

A  very  cheap  and  fimple  fire-engine  is  that  invented  in  Ame- 
rica by  Mr.  Benjamin  Dearborn^  who  comntunicated  it  to  the 
American  Academy  of  Arts  and  Sciences,  from  whofe  Memoirs 
for  1794  we  extraQ  the  following  particulars: 

Fig.  4.  pL  XV.  AB  and  CD  are  the  edges  of  two  planks,  con- 
fined by  four  bolts;  a  h  and  cd  are  two  cylindrical  barrels,  in 
each  of  which  a  pifton,  with  a  valve,  is  faflened  to  the  fpear  e^ 
and  \%  moved  up  and  down  alternately  by  the  motion  of  the 
arms  EE.    Beneath  each  barrel  a  hole  is  made  through  the 

VOL.  u,  ^ 
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5»lank  A69  which  is  covered  with  a  valve.  The  anns  EE  are 
iifpended  on  the  common  centre/;  there  are  alfo  arms  parallel 
to  thefe  on  the  oppofite  Gde:  g  g  are  the  ends  of  handles  which 
are  faftened  acrofs  the  ends  of  the  arms.  At  ^  a  bolt  goes  acrofs 
from  arm  to  arm,  to  which  die  piece  j  i  is  affixed,  and  on  which 
it  plays ;  the  lower  end  of  this  piece  is  faftened  to  the  top  of  the 
fpear^.  G  If  is  a  ftandard  for  the  purpofe  of  fupporting  the 
armS|  to  which  there  is  a  correfpondent  one  on  the  oppofite 
fide ;  both  are  notched  into  the  edges  of  the  planks,  where  they 
are  fecured  by  a  bolt,  which  paiTes  through  them  at  />  and  has  a 
nut  or  fore-lock  on  the  oppofite  fide.  HI,  HI,  are  fquare  braces, 
anfwering  the  purpofe  of  dudks,  through  which  the  water  af- 
cends  from  the  barrels,  pafling  through  the  plank  at  m.  KL, 
KL|  are  irons  in  the  form  of  a  ftaple,  in  order  to  confine  the 
braces:  the  lower  ends  of  thefe  irons  meet,  and  are  fecured  by 
a  bolt  paffing  through  them,  and^MN  n  0,  which  is  a  piece  that 
goes  up  through  a  mortice  in  the  centre  of  the  planks.  This 
piece  is  fquare  from  the  lower  end,  till  it  reaches  the  top  of  the 
braces;  whence  they  become  cylindrical  to  the  top,  the  upper 
end  being  perforated  fufficicntly  low  down,  in  order  to  com* 
municate  with  the  braces.  OP  is  an  iron  ring  that  furrounds 
the  tube,  and  has  two  (hanks  which  a{cend  through  the  head, 
which  fcrews  on  the  top  zt  p  q:  r  j  is  a  ferule  nailed  round 
the  tube. 

Fig.  5.  is  the  fame  engine;  the  arms  and  ftandards  being 
taken  off*,  in  order  to  delineate  more  clearly  the  mode  of  fecur* 
ing  the  braces;  an  obje£i  which  is  completely  effe£ied  by  a 
wedee  driven  into  the  mortice  a:  beneath  the  upper  plank  b  is 
a  hole  for  admitting  a  paflage  to  the  bolt,^  which  fecures  the 
ftandards.  In  this  figure  a  fide  view  of  the  head  is  given,  with 
thepipe  in  a  perpendicular  direction. 

The  machine  is  confined  within  a  box,  fet  on  wheels,  as  in 
the  common  fire-eneines.  The  whole  is  made  of  wood,  ex- 
cepting the  fi)ears  of  the  pumps,  and  a  few  bolts,  &c.  The 
advantages  of  this  machine  are,  that  it  can  be  made  in  any 
place  where  common  pumps  are  manufactured;  the  interior 
work  will  not  exceed  one-fourth  of  the  price  of  thofe  which 
are  conftru&ed  on  the  ufual  plan;  and  that  they  are  incom« 
parably  more  eafy  to  work  than  the  common  ones:  circum« 
ftances  which  ftrongly  recommend  the  American  fire-engine  to 
the  attention  of  the  public. 

Since  the  conftru£tion  of  engines  for  the  extinguifliiiiff  of 
fires  has  long  been  confidered  of  very  great  importance,  it  is 
no  wonder  that  many  perfons  have  devoted  much  of  their  time 
and  talents  to  this  fubjed.  Various  treatifes  have  been  written 
upon  it;  the  chief  of  which  are  mentioned  below* 


Writings  m  JPlrt'-JSxti^guj/bers.  Hf 

.  Befcfcreibung  eines  waflerkrahns*  welcher  in  groifl^n  uxii 
gefahrlichen  feuerfbriinften  fehr  nutz-lich  zu  gebrauchen,  und 
mit  gar  geringen  unkoften  angefchafft  werden  kann  \  zugleicb 
io'einem  kupferftuck  vorgeftellt.     1665. 

Defcription  d'une  machine  hydraulique,  pour  eteindre  le  feu 
dans  les  incendies,  tiree  des  regiftres  de  L'Acad.  Roy.  des  Sci. 
de  Paris.     1^675. 

Sur  une  nouvelle  machine  pour  le  feu»  par  M.  de  Reaumur* 
Mem.  de  TAcad.  Roy.  des  Sci.  &c.  1722. 

Misilungcne  verfuche  mic  der  Grgylsfcbm  ma/chine^von  Tbumr 
mig,     Auch.  Brefl.  Samml.     1721. 

.  A  new  method  of  extinguiihing  fires  by  explofiop  and  fuffo- 
cation,  by  Mr.  Godfrey.     1724. 

Lettre  de  Londres,  du  5  Juin,  ij6j,  par  M.  De/chatnpii  fur 
nofi  experience  publique  touchant  la  nouvelle  maniere  d'eteindre 
le  feuy  inventee  par  M.  Godfrey ^  faite  par  la  Societe  formee 
pour  PEncouragement  des  Manufactures  et  du  Commerce  en 
Angleterre. 

Mr.  Ambros  Godfreys  erfindung  von  gefchwinder  auflbfchung 
der  feuerfbriinfte.    Hannoverifche  Beytrage.  v.  J.   1761. 

[The  ^  Greylifcben  machines,*'  mentioned  above,  were  intto* 
duced  into  this  country  by  a  Mr*  Zacbary  Greyh  they  were 
made  of  wood,  and  contained  only  water ;  they  were  exhibited 
before  feveral  of  the  nobility,  but  did  not  meet  with  encourage- 
ment* A  few  years  after,  Dr.  Godfrey  produced  certain  ve&ls 
'which  in  every  refpe£i  fucceeded*  Ihey  are  fuppofed  to  have 
been  an  improvement  on  Mr.  GreyPs,  were  conuru6):ed  with 
wood,  and  filled  with  a  chemical  liquor,  confiding  of  water,  oil 
of  vitriol,  and  fal-ammoniac.  When  thrown  into  rooms  and 
other  places  that  were  purpofely  fet  on  fire,  they  burft,  and  by 
their  explofion  completely  extinguiflied  the  flames:  it  is  to  be  ob* 
fisrved,  that  they  were  ufelefs  after  the  roof  had  fallen  in.  Thefe 
contrivances,  however,  are  evidently  more  calculated  for  (hips 
than  to  be  employed  on  landj  as  they  would  be  of  great  fervice 
.for  fupprefling  fires  in  vefiels  at  fea,  and  might  be  confidered  at 
neceffaury  a  part  of  their,  cargo  as  naval  (lores  or  ammunition.] 

Nouvelle  manidre  d'eteindre  les  incendies,  avec  pleufieurs 
smtres  inventions  utiles  k  la  ville  de  Paris;  par  M.  Moitrell  tEk^ 
ment,     1725. 

Jacob  LeupoliPs  befdireibung  und  abbildung  eines  druckwerks 

mit  dem  krummen  zapfen  und  fchwungrad,  welches  als  eine 

feuerfprit2e  oder  andere  mafchine  an  unterfchiedenen  orten 

kann  gebraucht  werden.   See  his  Theatri  machinarum  hydrauli- 

.  carum.  torn.  II.  cap.  5.  1725. 

Defcription  d'une  machine  ou  pompe  pour  Clever  I'eau  dans 
les  incendiesi  gropofce  par  un  armurier  de  Se^or  en  AuxoiS.  See 
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Rcceuil  mach.  ct  invent,  approuv&s  par  TAcad.  Roy.  Paris, 
torn.  11.     1 73  J. 

Architefture  hydrauliquc,  par  Belldor^  tome  II.     1739- 

A  defcription  of  the  late  Mr.  Richard  Nenv/ham^s  engines  to 
put  out  accidental  fires.  See  DefaguJiers^s  Experimental  pliilo- 
fophy,  vol.  ii.     1744. 

y$h.  Cottfr.  Dobff  fchloffers  und  fprirzeumachers  in  herzberg, 
nachright  von  fcirter  neu  erfundenen  fpritze  mit  zwey  auf- 
guffrbhen^  aus  welchen  in  gleicher  quantitat  und  entfernung, 
jcdoch  in  verfchiedenen  direktionen,  das  waiTer  zu  gleicher  zeit 
aufgefpritzt  warden  kann.    Leipz.  Int.  Bl.     1767. 

Abhandlung  und  berechnung  iiber  die  neubertfchen  fpritzen, 
von  Kampe^  ftadtbauherrn  in  Gottingen.     1769. 

Nachricht  von  Feuerfpritzen  von  J,  Z.  Riepenhaufen^  me- 
chanicus  in  Gottingen.     1770. 

D.  Wilh,  Gottlieb  Haffe  praktifche  abhandlung  zu  verbefferung 
der  feuerfpritzen,  welche  auf  die  aufgeftellte  preifsfrage  von 
Kurfiirftl.  Maynzifcher  akademie  niitzlicher  Wiflenfchaften 
zu  Erfurt  den  beyfall  erhalten.  Gotha,  bey  KarL  Wilhelm 
Ettinger.     1778. 

Lukas  VocV^  abhandlung  von  feuerfpritzen,  &c.     1781. 

Ueber  den  zweckmafTigen  gebrauch  der  feuerfpritze  und 
anderer  lofchmafchinen.  Ziirch,  b.  Fuesfli.  Tubing,  gel.  Anz. 
1790. 

Erfindung  einer  feuerfpritze,  vvelche  ganz  ohne  rbhrwcrk, 
ohnc  kolben  und  ventile  durch  die  kraft  zweyer  menfchen  einc 
liberaus  groflc  menge  waffer  zu  einer  betrlichtlichen  hbhe  in  tiie 
hift  treibt,  durch  den  dritten  mann  nach  alien  gegenftanden 
gerechtet  wird,  und  mit  geringen  koften  nebft  derfelben  an* 
wendung  auf  handfpritzen  her^uftellen  ift,  von  Karl  Imanuel 
L^fcher.      '792. 

Various  fire-engines  are  dcfcribed  in  the  articles  hydro- 
statics and  FiRE-^«;gtV/f,  in  the  Englifb  Encyclopedia  and  the 
Biipplement  to  that  work. 

Entwurf  die  feuerfpritzen  mittelft  einer  mechanifchen  vorrich- 
tung  vor  dem  einfrieren  zu  fichern,  nebft  einigen  bemerkungen 
iiber  die  lofchanftalten  iiberhaupt,  vorziigUch  aber  bey  brand- 
fallen  im  winter,  bearbeitet  von  7.  L.  J,  von  Gerftenbergjk* 
Jenaj  in  der  akademifchen  buckhandU     iSoi.     pp.  i  to  80. 


This  will  not  be  altogether  an  ixoproper  place  to  fpeak  of  the 
means  of  extinguif^ig  accidental  fires  in  mips,  recommended 
by  Mr.  Alexander  Tnloch,  the  editor  of  the  Fhilofophical  Maga- 
zine. Mr.  Tilloch  begins  his  paper  on  this  fubjedi  by  fome 
9ccoum  of  the  theory  of  combuilion;  in  which  he  takes  occafioil 
to  ftatCj  that  fire  is  more  fupplicd  from  the  oxygen  of  the  air 
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than  from  the  combuftible  body;  and  that  water  may  itfelf  ad 
as  an  inciter  to  Ere,  inftead  of  extinguifhing  it,  when  expofed  to 
a  fufficient  temperature,  incircumftances  which  fhall  decompofe 
it  into  its  conilituent  gafes,  hydrogen,  a  conabudiblej  and 
oxyeen  the  only  fupporter  of  flame. 

Mr.  Tiikich  ftates,  alfo,  that  Mrater  a£ts  as  an  extingutiher, 
merely  by  interpoGng  itfelf  between  the  flame  and  the  air,  and 
excluding  the  latter,  thus  ading  *'  as  a  wall  of  feparation  be- 
tween the  burning  materials  and  the  atmofphere :"  for  this 
reafon  he  recommends  mixing  fand,  or  mould,  or  clay,  with  the 
water  employed  to  extinguiih  fire,  to  render  its  tStQ.  in  this 
refpeft  more  powerful. 

Mr.  Tilloch  ftrongly  ftates  the  fuperior  eflicacy  of  cutting  oflF 
all  communication  between  the  burning  bodies  and  the  atrno* 
fphere,  as  the  moft  certain  means  of  flopping  conflagration: 
wherefore,  when  this  takes  place  in  a  (hip,  the  hatches  fhould 
be  clofed,  and  all  hands  employed  in  (topping  every  crevice,  by 
which  the  air  could  pafs  to  the  burning  body,  with  oakum  or 
any  other  matter :  by  which  means  the  (hip  would  become  *^  one 
large  extinguiflier,"  and  the  fire  go  out  when  it  had  confumed 
the  oxygen  of  the  confined  air.  By  this  method,  if  the  fire 
forced  its  way  through  the  lower  deck,  it  might  be  flopped  in 
the  fecond  deck,  by  clofing  the  ports,  hatches,  and  all  other 
apertures  belonging  to  it  in  every  dire^ion. 

To  haften  the  confumption  of  the  oxygen  of  the  confined  air, 
Mr.  Tilloch  recommends,  before  clofing  the  hatches,  to  light  as 
many  other  fires  below,  in  pots,  pans,  and  other  veiTels,  as  time 
will  permit;  likewife  to  light  up  as  many  candles  as  poifible, 
each  of  which  confuming  a  gallon  of  air  in  a  minute,  will  affift 
in  fooner  rendering  the  enclofed  air  unfit  for  combuilion. 

Mr.  Tilloch  alfo  propofes,  that  a  quantity  of  chalk  or  lime- 
•ftone  fhould  be  flowed  on  board,  and  an  adequate  proportion 
of  vitriolic  acid ;  by  means  of  which  a  quantity  of  fixed 
air  might  be  produced,  which  would  alfo  ai&ll  in  extinguifhing 
the  fire- 
When  the  flames  are  flopped  by  thefe  means,  caution  mull  be 
iifed  to  carefully  ventilate  all  the  enclofed  places  by  every  pofG* 
blc  means,  before  the  men  are  fuflPered  to  go  down  \  otherwiffc 
Iheir  inflant  fuf^ation  mufl  enfue. 

When  a  fire  takes  place  above  deck,  the  ufe  of  water  mixed 
with  fand  or  mould  is  recommended ;  and  the  (Irewing  fand  on 
the  decks,  three  inche^s  thick,  both  to  flop  and  prevent  fire  in 
that  part,  and  to  form  a  road  by  which  the  men  can  get  at  the 
burning  body,  fo  as  to  apply  mops  wet  with  the  above  mixture 
to  it,  which  Mr.  Tilloch  thinks  would  be  more  cflcclual  {han 
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tiie  e%d  of  a  -fire-engine:  in  this  operation  the  tpplieaitioa  of 
-the  mop  (hould  proceed  from  below  upwards. 

It  is  alfo  advifed  to  feparate  the  part  of  the  fiiip  where  fires 
are  mod  likely  to  originate  from  the  reft,  by  air-tight  partitions 
for  bulk-heads)>  fo  that  when  a  fire  happened  there  it  would 
De  only  neceflary  to  clofe  and  caulk  up  the  entrance  to  this  part 
to  put  it  out. 

It  is  further  recommended  to  cover  all  the  upper  works  with 
flieet-copper,  to  prevent  their  taking  fire  by  any  accident  which 
might  happen  on  deck,  and  to  enclofe  the  mafls  in  die  £une 
manner,  having  metallic  chains  added  along  the  ihrouds»  tQ 
fecure  them  in  cafe  of  the  rigging  being  burned  away. 

Some  of  the  particulars  in  this  paper  will  appear  fo  chimerical 
to  a  nautical  man  as  to  make  him  fet  \ch  value  upon  the  teft 
than  is  due  to  them:  but,  as  every  thing  which  may  tend  to 
fubdue  fo  dreadful  an  enemy  as  fire  on  board  a  fliip  defenres 
being  known  and  confidered,  and  as  many  of  the  fuggeilions  in 
this  paper  may  undoubtedljr  be  applied  to  mod  important 
pr  iflical  purpDfes,  we  thought  it  a  duty  to  advert  to  it}  and 
"^ould  beg  to  refer  to  No.  82.  of  idie  Phil.  Mag.  for  Mr.  TiUoch'a 
'obfervations  at  large, 

'  FLAX- MILLS  have  been  conftru&ed  in  great  variety:  but 
one  of  the  beil  we  are  acquainted  with  is  defcribed  in  Graf% 
Experienced  Millwright,  in  nearly  the  following  terms. 

Fig-  I.  pi.  XVf.  is  the  p/ati.  A  A,  the  water-wheel.  CC, 
the  ihaft  or  axle  upon  which  it  is  fixed.  BB,  a  wheel  faftened 
upon  the  fame  (haft,  containing  loa  teeth,  to  drive  the  pinioa 
D,  having  25  teeth,  which  is  fixed  upon  the  middle  bruifing- 
roller:  £,  a  pinion  in  which  are  10  teeth,  turned  by  the  wheel 
B,  which  is  failened  upon  the  under  end  of  the  perpendicular 
(haft  that  carries  the  fcutchers.  MM,  the  large  frame  that 
fupports  one  end  of  the  fhaft  C,  and  the  perpendicular  axle. 
NN  are  frames  in  which  the  rollers  turn  that  break  or  bruife 
the  rough  flax.  I A  and  L,  the  machine  and  handle  to  raife  the 
iluice  when  the  water  is  to  be  let  on  the  wheel  A  A  to  turn  it 
round.  GG,  doors  in  the  fide- walls  of  the  mill-houfe.  IK, 
windows  to  lighten  the  houfe.  HH,  flairs  leading  up  to  the 
loft. 

Fig.  2.  Elevation.  A  A,  the  wate^- wheel  upon  its  fhaft  CC, 
on  which  fhaft  the  wheel  BB  is  alfo  fixed :  this  latter  wheel  con- 
fining 102  teeth,  to  turn  the  wheel  E,  having  25  teeth,,  which 
is  faflened  upon  the  middle  bruifing- roller.  FF  is  a  vertical 
fhaft,  upon  the  lower  end  of  which  is  fixed  a  pinion  having  ro 
teeth,' which  is  driven  by  the  wheel  B.  There  are  two  arms 
that  pafs  through  the  fhatt  F;  and  upon  thefe  arms  are  fidftened. 


^itfi  foewed  iron  bolts,  the  fcutchers  that  clear  the  refiile  off 
th^  flax.  DD,  the  frames  which  fupport  one  end  of  the  axle 
C)  the  vertical  ihaft,  and'the  brealcing- rollers:  L»  a  weight  fuf- 
pended  by  a  rope,  the  other  end  of  which  it>  faftened  to  a 
besirer,  as  is  feen  in  fig.  3/  8S  a  lever,  the  ihort  arm  of  which 
is  attached  to  the  frame  that  the  gudgeons  of  th^  upper  roller 
turn  \n\  and  by  pufhingdown  the  long  arm,  the  upper  roller  is^ 
when  necefiary,  fo  raifed  as  to  be  clear  of  the  middle  one.  NN, 
the  end>wallt  of  the  mill-houfe.  RR,  the  couples  or  frame  of  the 
roof.     H,  a  door  in  the  fide>wall«    IK,  windows. 

^ig-  3*  Sf&hft,     AA,  the  great  water-wheel  fixed  upon  itB 

(haft,  and  containing  40  aws  or  float-boards  to  receive  the  wateor 

which  communicates  motion  to  the  whole  machinery.     BB,  a 

wheel  faftened  upon  the  fame  axle,  having,  as  before  mentioned^ 

-loa  cogs,  to  drive  the  wheel  C  of  25  teeth  which  is  fixed 

upon  the  middle  roller,  No.  i.    The  thick  part  of  this  roller  is 

fluted,  or  rather  has  teeth  all  round  its  circumference.    Thefe 

teeth  are  of  an  angular  form,  being  broad  at  their  bafe,  and 

thinner  towards  their  outward  extremities,  which  are  a  little 

rounded,  to  prevent  them  from  cutting  the  flax  as  it  pafies 

through  betwixt  the  rollers.    The  other  two  rollers  Nos.  2.  and 

3.  have  teeth  in  them  of  the  fame  form  and  fize  as  thofe  in  the  ' 

middle  roller,  whofe  teeth,  by  taking  into  thofe  of  thefe  two  rollers* 

turns  them  both  round.    The  rough  flax  is  made  up  into  fmall 

parcels,  which  being  introduced  betwixt  the  middle  and  upper 

rollers,  pafs  round  the  middle  one;  and  this  either  having  rollers 

placed  on  its  ofl^  fide,  or  being  inclofed  by  a  curved  board  that 

turns  the  flax  out  bitwixt  the  middle  and  under  rollers,  when  it 

is  again  put  in  betwixt  the  middle  and  upper  one,  round  the  fame 

courfe,  until  it  be  fufficiently  broken  or  foftened,  aind  prepared  for 

the  fctttching  machine.    Ihc  bearer  in  which  the  gudgeon  of  the 

roller  No.  i.  turns  is  fixed  in  the  frame  at  C;  and  the  gudgeons 

of  the  rollers  Nos.  2.  and  3.  turn  in  Aiders  that  move  up  or  down 

in  grooves  in  the  frames  SS.     Ihe  under  roller  is  kept  up  to 

the   middle  one  by  the  weights  DD,  fufpended  by  two  ropes 

going  Over  two  iheeves  in  the  frames  SS;  their  other  ends  being 

taftened  to  a  tranfverfe  bearer  below  the  Aiders  in  which  the 

gudgeons  of  the  roller  No.  3.  turn.    The  weights  DD  muft  be^ 

coniiderably  heavier  than  the  under  roller  and  Aiders,  in  order 

that  its 'teeth  may  be  prefled  in  betwixt  the  teeth  of  No.  i.  to 

bruife  the  flax  when  paifing  between  the  rollers.    The  whole 

weight  of  the  roller  No.  2.  prefies  on  the  flax  which  pafles 

between  it  and  No.  i.     There  is  alfo  a  box  fixed  on  the  upper 

edge  of  its  two  fliders  to  contain  a  parcel  of  ftones,  or  Itimps  of 

any  heavy  metal,  fo  that  more  or  lefs  weight  can  be  added  to 

|he  foUeri  as  is  found  ne^eflary.    OO,  is  the  large  frainc  that 
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fuppofts  one  end  of  the  fliaft  which  carri^  thetwo'^wbe^  A,  d^ 
and  vertical  axle  FF;  on  the  lower  end  of  which  is  fired  the 
pinion  turned  by  the  wheel  B,  and  having  lo  teeth.  In  the  axle 
F  are  arms  upon  which  the  fcutchers  are  faftened  with  fcrewed 
bolts,  as  feen  at  GG^  fig.  2.  Thefe  fcutchers  ate  inclofed  in 
the  cylindrical  box  ££,  having  in  its  curved  furface  holes^  or 

Eorches  at  which  the  handfuls  of  flax  are  held  in,  that  they  mar 
e  cleaned  by  the  revolving  fcutchers.  HH>  the  fall  or  courie 
of  the  water.  TT,  the  iluice,  machine,  and  handle,  for  raifing 
the  fluice  to  let  the  water  on  the  great  wheel.  The  gudgeons 
of  the  ajcles  {hould  all  turn  in  cods  or  bufhes  of  brafs.  KKy 
^e  fide- walls  of  the  miU-houfe.     GG,  doors.    LL,  windows. 

FLOUR-MILLS  are  put  into  motion  in  various  ways:  fome* 
times  the  firft  mover  is  wind,  at  others  water,  at  others  the  force 
of  fteam,  at  others  the  mufcular  energy  of  animals.  See  Fi)oi^ 
tnilli  Hand-mill^  Wind-mil/^  &c. 

The  mcchanifm  of  the  grinding  part  of  moft  of  thefe  is 
nearly  the  fame,  and  well  underftood^  fo  that  it  will  not  be 
peceflary  to  enter  much  into  minutiae,  but  merely  to  prefent  a 
general  defcription  of  a  well-conftru£led  mill,  with  any  firft 
mover ;  and  fubjoin  to  tliis  defcription  fome  remarks,  rule^ 
Bfid  tables. 

In  plate  XVIL  we  have  giveh  a  feAion  of  a  JoaUe  Flours 
mill,  reduced  from  Gray's  Experienced  Millwright,  with  the 
following  account.  AA,  the  water-wheel.  BB^  its  fliaft  or 
axle.  CC,  a  wheel  fixed  upon  the  fame  (haft,  containing  90 
teeth  or  cogs,  to  drive  the. pinion  No.  i*  having  23  teeth,  which 
^s  faftened  upon  the  vertical  fiiaft  D.  No.  ^.  a  wheel  fixed  upon 
the  ihaft  D,  containing  82  teeth^  to  turn  the  two  pinions  FF^ 
having  15  teeth,  which  are  faftened  upon  the  iron  axles  or 
fpindles  that  carry  the  two  upper  mill-ftones.  ££,  the  beani 
or  fill  that  fupports  the  frame  on  which  the  under  mill-ftoneti 
are  laid.  GG,  the  cafes  or  boxes  that  enclofe  the  upper  mill* 
Clones;  they  ftiould  be  about  2  inched  diftant  from  the  ftone  all 
round  its  circumference.  TT,  the  bearers,  called  hridgesy  upon 
which  the  under  end  of  the  iron  fpindles  turn.  Tbrfe  fpindles 
pafs  upward  through  a  hole  in  the  middle  of  the  nether  mill- 
.ilones,  in  which  is  fixed  a  wooden  bufti  that  their  upper  ends 
turn  in.  The  top  part  of  the  fpindles,  above  each  wooden 
bttfli,  is'tnade  fquare,  and  goes  into  a  fquare  hole  in  an  iron 
rrofs,  which  is  admitted  into  grooves  in  the  middle  and  underr 
furface  of  the  upper  mill- ftone.  By  this  means  that  ftone  i^ 
ra^^ied  round  along  with  the  trundles  FF,  when  turned  by  the 
wheel  No.  2,  One  ^nA  of  the  bridges  TF  is  put  intp  mortifeg 
in  fixed  bearers,  and  the  other  end  into  mortices  in  the  bearer3 
that  move  at  one  end  on  iron  bolts,  their  other  end$  hanging  bt 
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rflr6ii^fod$  having' fqtewed  nnts»  as  W\  io  that  vAxtiy  turned 

forvard  or  backward  they  raifc  or  deprefs  the  upper  knlU-ftojie*, 

according  aa  the  miller  finds  it  neceflary.    SS»  the  feeders^  ia 

the  under  end  of  each  of  nrhich  is  a  fquare  focket  that  goes 

.upon  th«  fquare  of  the  fpindles  above  the  iron  crofs  or  rind^ 

and  having  three  or  four  branches  that  move  the  fpout  or  fhoe> 

and  £eed  the  wheat  conftantly  from  the  hoppers  into  the  hole 

or  eye  of  the  upper  mill- ft  one,  where  it  is  mtroduced  betwixt 

•the  ftones;  and  by  the  circular  motion  of  the  upper  ftone  ac^ 

.quires  a  centrifugal  force;  and  proceeding  gradually  from  tha 

.eye  of  the  mill-ftone  towards  the  circumference,  is  at  length 

.thrown  out  in  flour  or  meal.    'RR>  the  fluice,  machine,  and 

handle,  to  raife  the  fluice,  and  let  the  water  on  the  wheel  A  to 

drive  it  round.    No.  3,  is  a  wheel  fixed  upon  the  (haft  D, 

.ix)ntaining  44  teeth,  to  turn  the  pinion  No.. 4-  having  15  teeth^ 

which  is  faftened  upon  the  horizontal  axle  H.     On  this  axle  is 

ld£o  fixed  the  barrel  K,  on  which  go  the  two  leather  belts  that 

tukn  the  wiie  engine  and  bolting  mill.     L,  an  iron  fpindlei  in 

•die  under  end  of  which  is  a  fquare  focket  that  takes  in  a  fquare 

jon  the  top  of  the  gudgeon  of  the  vertical  (haft  D.     There  is  a 

pinion  M,  of  9  teeth»  tixed  on  the  upper  end  of  the  fpindle  Lf 

to  turn  the  wheel  MM,  having  48  teeth,  which  is  faftened  upoo 

jthe  axle  round  which  the  rope  ZZ  roUs^  to  carry  the  facks  of 

flour  up  to  the  cooling  benches.     By  pulling  the  cord  00  a 

litdb,  the  wheel  MM  and  its  axle  are  put  into  motion^  in  coO'- 

fequence  of  that  wheel  and  its  axle  being  moved  horizontally, 

until  the  teeth  of  the  wheel  are  brought  into  conta£b  with  thofe 

of  the  pinion  at  the  top  of  the  fpindle  L :  and,  on  the  contrary,  by 

pulling  the  cord  PP,  the  wheel  M  and  its  axle  are  moved  in  the 

oppofite  horizontal  direflion,  till  they  are  thrown  out  of  geer 

with  tKs  pinion,  and  the  rotatory  motion  of  that  whieel  llops^ 

But  when  the  fack  of  flour  is  raifed  up  to  the  lever  Q,  it  puihes 

up  that  end  of  the  lever,  and  of  courfe  the  other  end  down ; 

hy  which  means  the  pinion  M  is  difengiged,  and  thus  that  part 

of  the  machine  ftops  of  itfelf.     NN  are  two  large  hoppers, 

into  which  the  clean  wheat  is  put  to  be  conveyed  down  to  the 

hoppers  SS,  placed  on  the  framie  immediately  above  the  mill- 

ftones.    WW,  the  fide-wall  of  the  mill-houfe.     V,  the  couples 

pr  frame  of  the  roof.     XX,  windows  to  lighten  the  houfe. 

Fig.  I.  in  the  margin  reprefents  the  furface  of  the  under 
grinding  mili-ftone ;  the  way  of  laying  out  the  roads  or  channclsj 
ihe  wooden  bu(h  fixed  into  the  hole  in  its  middle,  in  which  the 
upper  end  of  the  iron  fpindle  turns  round;  and  the  cafe  or 
hoops  that  furround  the  upper  one,  which  ought  to  be  two 
Indies  clear  of  the  ftone  all  round  its  circumference, 
f  ^8*  ?•  ^  upper  grinding  mill-ftonei  and  iron  crofs  or  rind 
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in  Its  middle;  in  the  centre  of  whidi  is  a  fqiiare  bote  th»t  takes 
in  a  fquare  on  the  fop  of  the  iron  fpindle,  to  carry  round  tbe 
mill-ftone.  When  the  vrorking  fides  of  faces  of  the  mill^ftoaed 
are  laid  uppermoft,  the  roads  (or  channels)  muft  lie  in  the  lame 
diredion  in  both ;  fo  that  when  the  upper  ftone  is  turned  OYer, 
and  its  furface  laid  upon  the  under  one,  then  the  channels  may 
tfofs  each  other,  which  aflifts  in  grinding  and  throwing  out  the 
flour;  the  iharp  edges  of  the  two  furrows  then  cutting  againft 
each  other  like  fciflbrs.  The  toads*  are  likewife  laid  out  according 
to  the  way  the  upper  ftone  revolves.  In  thofe  reprefented  in 
the  figures  the  running  mill-ftone  is  fuppofed  to  turn  ^^fi*^ 
taay"  Of  as  in  what  is  called  a  right-handed  mill:  but  if  the 
ftone  revolves  the  other  way  the  channels  muft  be  cut  the  r^ 
verfe  of  this,  and  then  the  mill  is  termed  a  left-handed  one: 

The  elevation  of  this  mill  may  be  feen  in  Gray's  Millwrightf 
pi.  XXXI. 

It  will  not  be  expe^ed  that  we  (hould  allot  much  fpaee  to 
the  theory  of  flour-mills,  though  it  mav  not  be  advifeable  to 
pafs  it  over  entirely.  We  fhall  therefore  give  two  or  three 
theorems  for  a  (ingle  ilour^^mill  of  the  common  conftrudiionf 
which  may  be  applied  with  facility,  fo  far  as  they  are  ufeful,  to 
double  or  triple  mills. 

Let  the  weight  of  the  upper  ftone  when  furrowed  be=2Wf 
the  refiftance  of  the  corn  reduced  to  the  diftance  of  the  centre 
of  gyration,  or  at  \  of  the  radius  of  the  upper  ftone  =:R,theii) 

according  to  Belidor,  R'=  — ,  while  according  to  Fabre  R  =7 

mi  * 

w 

— .    But  when  the  upper  ftone  to  work  moft  advantageoufly  in 
ivery  rcfpeft  goes  round  60  times  in  a  minute,  we  have 

„   ^  60    a  W _^       60         *  ^''  _  PW 

This,  however,  would  require  an  upper  mill-ftone  of  about  'Ji 
feet  diameter:  for  when  the  diameter  of  that  ftone  is  D  in  feet, 
and  N  the  moft  advantageous  number  of  rotations  in  i  minutej 

we  have,  from  many  obfervations,  N  =  -^,  as  Introduced  into 

the  preceding  theorem ;  and  this,  when  N  =  60,  gives  D=7t» 
Let  the  whole  friftion  when  reduced  to  4  of  the  radius  of 
the  upper  ftone  be  reprefented  by  F,  and  the  eflTeSive  diftance 
of  rfie  force  or  power  from  the  axe  on  which  the  ftone  revolved 
=  r,  the  number  of  teeth  in  the  firft  or  commanding  wheel 
=  M,  and  the  number  of  ftaves  in  the  trundle  =  tjt,  the  numbef 
of  revolutions  of  the  water- wheel  in  1  minute  =  ^,  the  ^weir 


which  at  the  distance  r  from  the  axe  of  the  water-wheel  U  necef« 
fary  to  retain  the  whole  load  in  equilibriums:^;  fo  ihaU  we  hayff 

whaice,  /  «  *^  (R  +  F) 
or,  bccaufe  —  =  -•  ^ 

* 

wehave^='3(R4.F). 

*  •*  • 

Let  the  time  in  feconds  in  which  the  water-wheel  rerqlrei 
be  =  /|  the  velocity  with  which  any  point  in  its  circumference 
moves  =:  tr,  the  height  due  to  this  velocity  being  =  £^  ^r  ;9 
3*1415931  and  g  =16^  feety  then  is 


__^  air  r *r 


^fA 


,  and  /!  =  --  =  -~-5i«_ 


ButitUalfo«  =  ^N=^.^ 
therefore ^  =  ^?^*,  andr  =  iiMv^ 

DM  «r    '  450vm 

An  underOiot-wheel  produces  the  greateft  ufeful  etkSt,  when 
die  height  due  to  the  velocity  of  the  impinging  water  being  H^ 
we  have  A  =  4-  H,  or  v:Y ::  ^^:i ::  2*4  nearly:  retaining 
thefe  as  fufficiently  exadt  for  pradice,  the  nloft  advantageous 
radius  of  the  underfliot  water-wheel,  the  water  pufhing  againft 
fliovels  or  float-boards,  is 

»   ""^         450  «M       ""  m 

•010 1  DMV 

oragamf= — , 

where  V  is  the  velocity  of  the  impinging  water* 

But  in  underihot-mills  the  fall  is  feldom,  if  ever,  more  than 
15  or  16  feet:  in  that  cafe  the  mod  advantageous  pofition  of 
the  work  is  to  have 

M    iway 

m  i)V~' 

Further,  let  L  s=  the  number  of  pounds  of  meal  which  are 
produced  every  hour,  s  ==  the  fpecific  gravity  of  the  upper  mUli* 
ftone,  that  of  water  being  unity,  and  B  the  folid  content  of  the 
ftone  in  cubic  feet:  the  remaining  letters  haviog  the  fame  ac« 
ceptatioa  as  before:  then 
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for  rye  ahd  wheat  L  =  o*02i  D*  j  B  —  pOunda.. 

r 

for  old  barley  L  =  006  D*  j  B  - —  pounds. 

Mr.  Fergufon  ha6  made  feme  prafiical  obfervations  on  millsf 
%liich,  as  they  are  not  far  from  coincidence  with  the  preceding 
theorems,  may  be  introduced  here.      • 

When  the  diameter  of  the  upper  ftone  is  about  6  feet,  as  is 
generally  the  cafe,  the  lower  is  about  an  inch  more:  the  upper 
Aone  then  contains  about  22?  cubic  feet,  and  weighs  rather 
more  than  19000  pounds.  A  (lone  of  this  kind  ought  never 
to  revolve  more  than  60  or  70  times  in  a  minute;  for  a  niore 
rapid  motion  would  heat  the  meal.  Nor  muil  the  \trater-ilixeel 
he  too  large,  for  in  that  cafe  its  angular  motion  will  be  too 
flow  5  on  the  contrary,  if  the  wheel  be  too  fmall,  It  will  be  de- 
ficient in  moving  power :  1 8  feet  diameter  is  recommended  as 
a  proper  medium.  And  Mr.  Fergufon,  on  the  fuppofition  that 
the  floats  of  the  wheel  ought  to  move  with  a  third  part  of  the 
velocity  of  the  water — a  fuppofition,  however,  which  is  not 
ftri£lly  confiftent  either  with  theory  or  with  Mr.  Smeaton's 
experiments  (fee  vol.  I»  arts.  473,  483,  &c.)— gives  the  follow- 
ing rules  for  coHftru<3:Lng  the  chief  parts  of  the  mill. 

I.  Meafure  the  perpendicular  height  of  the  fall  of  water  in  feet 
above  that  part  of  the  wheel  on  which  the  water  begins  to  a£l, 
and  call  that  the  height  of  the  fall. 

^.  Multiply  this  conilant  number  64*2882  (or  rather  64^) 
by  the  height  of  the  fall  in  feet,  and  extrafl  the  fquare  root  of 
die  produS,  which  will  be  the  velocity  of  thd  water  at  tlie  bottom 
of  the  fall,  or  the  number  of  feet  the  water  moves  per  fecond. 

3.  Divide  the  velocity  of  the  water  by  3;  and  the  quotient 
will  be  the  velocity  of  the  floats  of  the  ^heel  in  feet  per  fecond. 

4.  Divide  the  circumference  of  the  wheel  in  feet,  by  the 
Velocity  of  its  floats ;  and  the  quotient  will  be  the  number  of 
feconds  in  one  turn  or  revolution  of  the  great  water-wheel,  on 
the  axis  of  which  is  fixed  the  cog-wheel  that  turns  the  trundle. 

J.  Divide  60  by  the  number  of  feconds  in  one  turn  of  the 
iPC^ater- wheel  or  cog-wheel;  and  the  quotient  will  be  th^  nymber 
of  turns  of  either  of  thefe  wheels  in  a  minute, 

6.  Divide  60  (the  numb«r  of  turns  the  millftone  ought  to 
have  in  a  minute)  by  the  abovefaid  number  of  turns;  and  the 
quotient  will  be  the  number  of  turns  the  millftone  ought  to 
have  for  one  turn  of  the  water  or  cog  wheel.    Then, 

7.  As  the  required  number  of  turns  of  the  millftone  in  a 
xpinyte  is  to  the  number  of  turns  of  the  cog-wheel  in  a  minute^ 
fo  muf):  the  niimbcr  of  cogs  in  the  wheel  be  to  die  number  of 
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ftaves  or  rounds  in  the  trundle  on  the  axis  of  the  millftone,  in 
the  neareft  whole  number  that  can  be  found. 

By  thcfe  rules  the  following  table  is  calculated;  in  which 
the  diameter  of  the  water-wheel  is  fuppofcd  j8  feet,  an4  con* 
fecjuently  its  circumftirence  j6f. 


The 

MilUwnghl's  Table, 

Pcr- 

Velocity 

Velocity 

Nlimber  |  Required ) 

Nearest 

Number 

NUQI* 

p^hdi* 

oft  lie 

of  the 

uf  tonus  of, 

nUinber  uf 

uu  ill.  of  cogs 

of  turns 

her  of 

cular 

\yater  iu 

wlieeJ  in 

the  whi  el 

turns  of  j 

iind  staves 

ofth? 

turns  of 

heijjht 

feet  per 

iVet  per 

in  a  mi- 

the  mlH- 

f)rtbatp«ir- 

ipiUstone 

thcm»1. 

of  the 

sec^ttd. 

second. 

tUlt£. 

^to^e  for 

poae. 

for  o|}e 

stoi>e  iq 

MUf 

«;acli  turn 

turn  of 

a  min. 

w^Ur* 

of  the 

p       CO 

the  wheel  by  thesel 

wheel. 

« 1 

by  these 

cogs 

cogs  and 

aDd 

starcjf. 

staves^ 

I 

8oi 

r5f 

2-83 

2I-20 

i»7      $ 

2117 

5991 

% 

17-40 

378 

400 

15-00 

105      7 

15*00 

oo-oo  1 

3 

lyif) 

463 

4-91- 

12-42 

98      8 

12-25 

60*14 

4 

16^04 

5-35 

5-67 

10-58 

95      9 

jo-56 

^9-87 

5 

i7'93 

598 

6-34 

946 

85      9 

9*44 

59'84 

6 

1964 

65  s 

694 

8-64 

78      9 

8-66 

6o'io 

7 

£I'ZI 

7-07 

7-50 

8-00 

72      9 

8-00 

60-00 

8 

21-63 

7-56 

8-02  . 

7-48 

67      9 

7-44 

59*^7 

9 

i4'05 

8-02 

851 

7-05 

70     lO 

7*00 

59*57 

lo 

*5-35 

8-45 

8-97 

"6-69 

67     10 

670 

6009 

II 

1659 

8-86 

9*40 

6-38 

64     10 

6-40' 

60- 16 

12 

1777 

9*26 

982 

6ir 

61     10 

6- 10 

59-90 

!     '3    . 

48-9« 

9M 

IO-22 

5*87 

59     10 

580 

6018 

14 

3000 

10-00 

10' 60 

5-66 

56     10 

5-60 

59-36 

15 

3x05 

10-35 

IO-99 

5*46 

55     10 

540 

60-48 

i6 

32-07 

10-69 

1134 

5-49 

53     «o 

530 

6o-io 

17 

3306 

IZ-02 

11-70 

5*13 

51     «o 

5-10 

5967  , 

i8 

340* 

"•34 

I2'02 

4i^9 

50     10 

5-00 

6o-io 

19 

34-95 
3586 

II  65 

l»'17 

4-85 

49     10 

4 '80 

6p-6i 

ao 

11-92 

1268 

47? 

47.    10 

470 

59'59 

Mr.  Fen  wick,  the  author  of  "  Effays  on  Praftic»l  Mechanics,^ 
made  a  numerous  fct  of  experiments  on  fome  of  the  beft  mill« 
for  grinding  corn,  in  order  to  form  a  fet  of  tables  illuftr^tive  of 
the  effedi  of  a  given  quantity  of  water,  in  a  given  time,  applied 
on  an  overfliot  water-wheel  of  a  given  fize.  His  obfervatidiw^ 
tables,  and  examples,  will  form  the  remaining  part  of  this  article^ 

The  quantity  of  water  expended  on  the  water-wheel  was 
meafured  with  great  exaftnefs ;  the  corn  ufed  was  in  a  medium 
ftate  of  drlnefs;  the  mills,  in  all  their  parts,  were  in  a  medium 
working  ftate;  the  millftones,  making  from  90  to  100  revpla» 
tions  per  minute,  were  from  4i-  to  5  feet  in  diameter. 

The  refult  of  the  experiments  was,  that  the  power  requifite 
to  raifc  a  weight  of  3001b?.  avoirdupois,  with  a  velocity  of  190 
fee(  ppr  minutp^  would  grind  i  bpll  of  gpod  r^e  in  i  hoprf 
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hntj  for  the  iake  0/ making  the  followinz  tables  hold  m  pta£tice) 
where  imperfe£lion  of  conftru£lion  exifts  in  fome  fmall  degree, 
it  is  taken  at  3oolbs.  raifed  with  a  velocity  of  210  feet  per 
minute,  (being  i-ioth  more)^  and  for  grinding  29394,0x5 
bolls  of  rye  per  hour  requires  a  powex  equal  to  that  whkh 
Could  raife  30olbs.  with  the  velocity  of  350,  506,  677,  or  865 
feet  per  minute  refpe£tively.  The  difference  of  the  power  re- 
quiGte  to  grind  equal  quantities  of  wheat  from  that  for  rye  will 
be  very  trifling. 

The  power  required  to  raife  a  weight  of  joolbs.  avoirdupoisy 
with  a  velocity  of  390  feet  per  minute,  will  prepare  properly  I 
ton  of  old  rope  per  week,  for  the  purpofe  of  making  paper; 
and  for  preparing,  in  like  manner,  2  tons  of  the  fame  kind  of 
materials  per  week,  requires  a  power  able  to  raife  300  lbs. 
with  a  velocity  of  525  feet  per  minute,  the  mill  working  from  10 
.  fo  12  hours  per  day. 

A  SET  OF  TABLESjf/bewtng  the  quantity  ofnuater  (ale  meafure) 

tequifite  to  grind  differeta  quantities  of  corny  from   i  to  g  bolls 

(Winchejler  meafure)  per  hour^  applied  on  over/hot  waterwheels 

from   10  to  '^2  feet  diameter:  alfo  the  fvu  of  we  cylinder  of  the 

Common  fleam^engine  to  do  the  fame  wort. 

The  water-wheel,  12  feet  di- 
ameter. 


The  water-wheel, 

10  feet  di-i 

ameter.                    | 

BoUi  of 

Quantity  of 

Diameter  o^ 

corn 

water  requisite 

the  cylinder 

• 

ground 

in  ak  gallons. 

of  a  steam-en- 

t>er hour. 

per  minute. 

gine  to  do  tlie 
same  work, 

in.  inches. 

2 

7«6 

IVS 

J* 

1056 

Z4'6 

* 

1341 

1675 

»i 

1S17 

185 

3^ 

1894 

20'2 

ti 

2  220 

a  1 75 

4 

a54X 

*3»5 

4i 

4891 

a475 

5 

3«4« 

2625 

The  wa 

ter-wheel,  1 

1  ft.  diam. 

Bolls  per 

Water,  gallons 

Cylinder^  in 

hour. 

j>er  minute. 

inches. 

i 

70s 

12'S 

ii 

945 

14*6 

2 

ti88 

i8-/ 

»4 

M54 

a 

1723 

2o>a 

li 

2014 

41-75 

4 

»3o6 

a3-25 

4i 

1626 

24-75 

5 

*944 

%6'ZS 

Bolls  of 

com 

ground 

per  hour. 


(vater  requisite    the  cylinder 
in  ale  gallon>  jfa  steaiu-en- 
per  minute,    jine  to  do  the 
same  woric, 
in  inches. 


I 

2 

3 

3i 
4 
4i 
5 


Quantity  of 


873 

109 1 

n4j 
1576 
1840 

tti7 
2408 
S700 


Diameter  of 


ia'5 
14*6 

1675 

185 

%0'% 

•475 
26*25 


The  water-whecl,  13  ft.  diam. 

Bolls  per  Water,  gallonJ 
hour.        per  minute. 


I 

a 

3 
3i 
4 
4i 

5 


606 
806 

1009 
1234 

1458 

1705 

X95» 
9223 

8494 


Cylinder,  tj» 
inches. 


12-5 

lA'S 

i67i 

185 

ao'» 

ax75 
a3i5 

»47^ 
»6a| 


Ftour-milL 


in 


Hie  wateirwheel,  14  feet  di- 
*ameteT« 


fioQsof 

corn 

groand 

per  hour. 


Quantity  of 

water  i-equisiit 

in  ale  j^llons, 

per  minute. 


I 

3 
A 

4 

4i 
5 


Diameter  of 

the  cylinder 

of  a  8team<en- 

sfiae  to  do  the 

same  work, 

in  inches. 


564 
740 

1 140 
'351 

iSif 
to6o 
2306 


Mi 

fto*a 
»r75 

»475 


BoUsof  I  SUiaptity  of 
corn     jWaterfequisite 
ipromid  jin  ale  gallons, 
per  hoar*  per  mmute. 


The.  water-wheel,  15  feet  di- 
ameter. 


BoUs  pel 
hour. 


I 

3 
3i 

4 

.44 


Water,  gallons 
per  minute. 


710 

S94 

1090 

1290 

1503 
1717 

.1967 

'tan 


Cylinder,  in 
incites. 


tvS 
14*6 

i6-75 
185 

20'Z 

41-75 

a4-75 
1625 


The  water-wheel,  17  feet  dU 
ameter» 


I 
«4 

X 

«i 

3 

3i 

Ji 
5 


458 

770 

943 
1117 

1300 

1482 

1695 

1906 


Diameter  of 
the  cylinder 
of  a  steam-en- 
gine todotbt 
same  work, 
in  inches. 


ift*5 

I4'i 

1671 

185 

ftO*> 

»i75 
W7S 

»6'25 


The  water- wheel,  18  feet  dim 
ameter. 


Bolls  per; 
hour. 


The  Water-wheel, 

16  feet  di* 

ameter* 

BoUs  perj 

Wa^r,  gallonPi 

Cylinder,  in 

hour. 

per  minute. 

inches. 

I 

491 

J  2-5 

li 

650 

146 

> 

811 

1675 

*i 

993 

i8-5 

3- 

1176 

ao'2 

3* 

i3«o 

»r75 

4 

158* 

2325 

4* 

liot 

a475 

5 

3023 

26-25 

I 

'i 

2 
*i 

3 

34 

4 

44 

5 


Water/gallons 
per  minute. 


440 

59S 
730 

860 

1054 
1227 

1400 

1600 

j8co 


Cylinder,  i« 

inches. 


Jt-Sl 

14*6 

1675 

i8-5 

20'A 

»i7i 

»3a5 
»f75 


«» 


The  water-wheel,  19  feet  dU 
ameten 


Bolls  j)Rr 
hour. 


1 

I* 

2 

'»4 

3 

3i 

4 

44 


Water,  galloas 
per  minute. 


411 

x550 
690 

845 
1000 

2165 

1330 
1517 
1707 


Cyfinder^  in 
inches. 


144 

1671 

185 
ai*7l 

a4-75 
96*1/ 


i99 
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The  water-whccl,  20  feet  di- 
ameter. 


fiolli  of 
com 

f^r  hour. 


X 

3 

4 
S 


Quantity  of 
water  requisite 
in  ale  gallons, 

per  minute. 


.39* 
530 

675 
808 

945. 
XIIO 

1270 

1445 

1623 


DUuneter  of 
the  cylinder 
of  a  steam-en- 
gine to  du  the 
same  work, 
in  inched 


X2-5 
14*6 
1675 

x8-5 

»C»2 

Zi'7S 

26*25 


The  water-wheel,  23  feet  iL 
amctcr.' 


BoUsof 

corn 

ground 

per  boor. 


The  water- wheel,  21  feet  di- 
ameter. 


BdU0  per 
hour. 


I 

If 

z 

ai 

3 

3i 

4 

41 

S 


Water,  gallons 
per  minute. 


370 

JOO 

767 

900 

1060 

riiz 

X379 
»547 


Cylinder,  in 
inches. 


ii'S 
14*6 
1675 

i8-5 
20-2 

2175 

2325 

i473 
46*25 


The  water-wheel,  2%  feet  di- 
ameter. 


Soils  pel 
hour. 

; 

X 

a 

a* 

3 

3i 

4 

4i 

5 


Water,  gallonaj  CyFinder,  ia 
per  minute.  (       inches. 


I 
a 

3 
3# 

4 

4i 

5 


Quantity  of 
water  requisite 
HI  aJe  gallons, 

per  minute. 


Diameter  oC 

the  cylinder 

of  a  steam^u- 

gine  to  do  the 

same  work* 

in  inches. 


338 
454 

570 

707 

824 

964 

1124 

I25» 

X4ij^ 


12*5 

14*6 

1675 

i8'5 
ao'2 

ai75 

23-25 

4475 
26-2J 


The  water-wheel,  24  feet  di- 
ameter. 


Bolls  per 
hour. 


X 

If 

a 

3 
34 

4 

4§ 

5 


Water,  gallona 
per  minute. 


3*7 
456 

671 

788 

9IQ 

1055 

X2O4 

1350 


Cylinder,  in 
inches. 


12*5 

14-6 
i6-75 

X85 
ao-a 
2X75 

»3'»5 

a4*75 
26- 2  J 


The  water-wheel,  25  feet  di- 
ameter. 


350 

X2-5 

473 

14*6 

594 

t(>15 

722 

1 8-5 

860 

20*2 

X007 

21-75 

"53 

23-25 

1313 

i475 

X47a 

26-25 

Bolls  per 

Water,  gallons 

Cylinder,  in 

hour. 

per  minute. 

inches. 

I 

316 

12*5 

i\ 

418 

X4*6 

2 

520 

1675 

ai 

635 

x8-5 

3 

75» 

ZO'% 

3i 

876 

1x75 

4. 

985 

23-25 

44 

1150 

»47i 

S 

XJOQ 

JPkuf^miH* 


i%i 


The  water-^^1,  ^  feet  di- 
ameter. 


|11ie  wa(er*wbfcl>  29  feet  dU 
ameter. 


BoQsof 

com 

ground 

^r  hour; 


water feqiiiaite  the  cylinder 


X 

ft 

»i 

3 

zh 

A 

4i 

5 


Quantity  of 


iQ  ale  i^loDS, 
per  mincrte. 


Diameter  of 


of  a  8tean-en> 

gine  to  do  the 

same  nrork, 

in  inches. 


30s 

504 
617 

730 

W5 
Jill 


12' S 

Z4*6 

1675 

i8-5 

ao*a 

2175 

33'*5 
»475 
a6*25 


BoUsof 

com 

ground 

per  hour. 


^"•■■•» 


The  water-wheels  27  feet  di^ 
ameter. 


Bolls  pei 
hour. 


I 

'i 

X 

»5 

3 

3i 

4 

4i 

5 


Water,  gallons 
per  niinuto. 


593 
703 

940 
1070 
laoo 


Cylinder,  in 
incbes. 


I2'5 

14*6 
1675 

ao*2 
1175 

23'a5 

a475 
2625 


The  water-wheel,  28  feet  di- 
ameter. 


z 

»i 

2 

3 
3i 

4 

4i 

5 


Saaatity  of 
water  rRquisite 
in  ale  gallons, 

per  miniite. 


274 

363 

455 

557 
660 

770 

880 

1005 

1 130 


Diameter  of 

the  cylinder 

of  t,  steamr^n* 

gme  to  do  th« 

same  work, 

in  inches. 


12-5 
14*6 

1675 

i8'5 

20*2 

2175 

M7S 


The  water-wheelf  30  /eet  d^ 
ameter. 


Bolls  pei^ater, 
lioitr. 


Bolls  per|Water, 
hour. 


,  gallons 
inches. 


I 

282 

•1 

370 

2 

463 

»i 

570 

3 

676 

34 

791 

4     ' 

905 

4i 

1030 

5 

^^SZ 

Cylinder,  in 
inches. 


ii-5 
146 

X675 

i8;5 

20'Z 

1175 

«3»5 
2475 
26' 2  5 


I 

14 

% 

*4 

3 

34 

4 

44 

5 


,  gallons 
per  minutei 


2^7 

355 
447 
545 
645 
750 
858 

9«3 
XX06 


Cylinder,  til 
inches. 


146 
1675 
1 8*5 

2x75 
a3'25 

a475 
26*35 


The  water-wheel,  31  feet  di- 


ameter. 

Bolls  per 

Water,  gallons 

Cylinder,  in 

hour. 

per  minute. 

inches. 

I 

256 

12-5 

14 

340 

146 

2 

416 

1675 

•  2§ 

510 

185 

3 

620 

20-2 

3i 

717 

2175 

4 

827 

23-25 

44 

940 

2475 

5 

1058 

26*25 
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The  water-wheel,  32  feet  diameter. 


Bolls  of  corn  ground 
per  hour. 


Quantity  of  water  re-iPiameterof  the  eyiin- 
quisite  in  ale  gallons,  der  of  a  steam-engine 


per  minute. 


I 
% 

3 

3i 

4 

4i 

5 


to  do  the  same  work, 
in  inches. 


•m»m 


us 

3*5 
406 

49^ 

690 

791 

900 

ioi» 


14*6 

1675 

«0'^ 

3475 


To  make  the  foregoing  tables  applicable  to  mills  intended  to 
be. turned  byimderlhot  or  breaft  water-wheels:  from  Smeaton's 
experiments  it  appears  that  the  power  required  on  an  under- 
ihot  water-wheel,  to  produce  an  efkSt  equal  to  that  of  an  over- 
fliot  (to  which  the  tables  are  applicable),  is  as  2*4  to  i ;  and 
alfo  the  power  required  on  a  breaft  water<rwheel,  which  receives 
the  water  on  fome  point  of  its  circumferencci  and  afterwards 
defcends  on  the  ladle  boards,  to  produce  an  equal  e^^  with  an 
QTerfhot  water-wheel,  is  as  175  to  i. 

A  TABhEfJbewing  tie  nHiffary  fi%e  of  the  cylinder  (f  acamnmn 
fimm^engine  to  grind  dvfferent  quantities  ofcom^from  l  to  IZ  tolls 
(£^  to  48  tu/beh  Wtncbefier  meajure) ,  piK  bour. 


Bolls  of  com  ground, 

Oiamettr  of  the  cylinder. 

per  hour. 

tn  inches. 

I 

I2"3 

i| 

14*6 

s 

1675 

•f 

i8-j 

5 

SO'l 

3i 

' 

fti75 

4 

»3-25 

4f 

a475 

5^ 

16-25 

Si 

\ 

»7-a5 

6 

28*1 

H 

*^« 

7 

29-8 

2* 

3i'i 

s 

3i 

»* 

33-3 

9, 

34* 

9i 

35» 

xo 

3^ 

10{ 

37-9 

11 

38 

Hi 

3885 

2% 

39'5 

K.B,  This  table  will  be  applicable  to  any  improved  steam-engine,  as  wdl*  na 
that  of  the  common  kind,  if  the  ratio  Of  their  efficacies  is  knonro. 


ApfUcaiim  9f  the  tabUs* 

Example  I. — If  a  itream  of  water,  producing  808  gallons  ale 
meafure  per  minute,  can  be  applied  on  an  overfliot  watecrwheel 
20  feet  diameter,  what  quantity  of  com  willit  be  able  to  grind 
per  hour? 

Look  in  tlie  tables  under  a  20  feet  water-wbeel,  and  oppo- 
fite  808  gallons  will  be  found  2i  bolls  of  corn  ground  per 
hour. 

Example  II« — If  a  ftream  of  water,  producing  808  gallons 
ale  meafure  per  minute,  can  be  applied  to  an  underfhot  water- 
wheel  >20. feet  diameter,  what  quantity  of  corn  can  it  grind  per 
hour? 

Jt  is  found  .by  the  tables,  that^  if  applied  on  an  overihot 
water-wheel  20  feet  4ia(neter,  the  ftream  will  grind  2I  boll^ 
per  hour;  and,  from  page  194,  the  power  required  by  the  undei^ 
ihot  to  that  of  the  overuiot  water-wheel,  to  produce  an  equal  e^- 
fe£l,  is  as  2*4  to  l  ^  thereforei  as  2*4 :  i  :  :  2*5  :  1*04  bolls  of 
,cpxn  grqund  per  hour  by  means  of  the  ftream» 

Example  III. — If  a  dream  of  water,  producing  808  gal* 
Ions  ale  meafure  per  minute,  can  be  applied  on  a  breaft  water* 
awheel  20  feet  diameter,  what  quantity  of  corn  can  it  grind  per 
.hour? 

It  is  found  by  the  tables,  that,.if  applied  on  an  overihot  watery 
wheel  of  equal  flze,  24  bolls  of  corn  will  be  ground  per  hour  i 
and,  from  page  194,  the  power  pf  a  breaft  water-wheel  to  that 
of  an  overfhot  water-wheel,  to  |»roduce  an  equal  eiFed,  is  as 
1*75  to  z  ;  therefore,  as  1*75  ;  i  : :  2*5  :  1*42  bolls  of  corn 
ground  per  hour  by  the  ftream.    ; 

Example  IV.— Of  what  diatneter  muft  the  cylinder  of  a 
common  fteam-engine  be  made^  to  grind  10  bolls  of  corn  peir 
hour?  !   , 

Bv  looking  in  the  table,  page!  194,  oppofite  10  bolls  ground 
per  hour,  the  diameter  of  the  fteam  cylinder  will  be  found  to  be 
36  inches. 

FLY,  is  a  nam^  given  to  a  certain  appendage  to  many  ma- 
chines, either  as  a  regulator  of  their  motions,  or  as  a  colUbor  of 
power.  When  ufed  as  a  regulator,  the  fly  is  commonly  a  heavy 
diik  or  hoop  balanced  on  its  axis  of  motion,  and  at  right  angles 
to  it :  though  fometimes  a  regulating  fly  confifts  of  vanes  or 
wings,  which  as.  they  are  whirled  round  meet  with  confiderable 
refiftance  from  the  air,,  and  thusfoon  prevent  any  acceleration 
in  the  motion  :  but  this  kind  of  regulator  (hould  rarely,  if  ever, 
be  introduced  in  a  working  machine,  as  it  waftes  much  of  the 
.fx^;ivjng  foccq.  .  When  the  fly  is  ufed  as  a  9olle£lor  of  power^  it 
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it  is  frequently  feen  in  the  form  of  heavy  knobs  at  the  oppofite 
ends  of  a  ftraight  bstr;  as  in  tht^tdining-prefs.  In  arts*  i8. .  23. 
of  the  introductory  part  of  this  volume  the  reader  will  find  (eve- 
Tal  remarks  on  the  nature  and  operation  of  the  different  kinds  of 
*flies  ufed  in  machines. 

FOOT-MILL,  is  a  miiil  for  gnndtng  com  or  any  other  fuK- 
flance,  moved  by  the  prefTure  of  the  feet  of  men  or  anknris;  In 
Tome  foot-mills,  a  hone  or  an  ox  is  fixed  to  a  ftall  upon  a  floor 
above  a  vertical  wheel ;  and  a  hole  is  made  in  the  floor  m  tiie 
place  where  the  hind  feet  of  the  animal  fhould  (land,  thus  ad- 
mitting thofe  feet  to  prefs  upon  the  rim  of  a  wheel,  and  caufe 
Ac  wheel  to  turn  upon  its  axle,  and  give  motion  to  the  whote 
mill.  But  ill  this  kind  of  machine  the  animal  wiB  be  obliged 
very  unnaturally  to  move  his  hind  feet  while  his  fore  feet  will  be 
^t  reft  :  and  further,  the  motive  force  'being  applied  near  the 
vertex  x>(  the  wheel  will  z€t  but  with  little  advantage ;  and  tkfe 
Work  done  will  be  comparatively  trifling. 

A  much  more  judicious  conftrudlion  of  a  foot*mtll  is  giveii 
in  G.  A,  Bockief^s  Tbeatrum  Mach'marumy  publtfhed  at  Nu- 
remburgh,  in  i66t.  This  mill  is  reprefented  in  fig.  t.  pi.  XV. 
A  is  an  inclined  wheel,  which  is  turned  by  the  weight  of  a  man^ 
and  the  impuBive  force  of  his  feet  while  he  fupports  himfelf,  or 
t)ccafionaIly  puKhes  with  his  hands  at  the  horizontal  bar  H.  The 
face  of  this  wheel  has  thin  pieces  of  wood  nailed  upon  it  «t 
proper  diftances,  to  keep  the  feet  of  the  man  from  flipping 
while  he  pufhes  the  wheel  round ;  and  the  under  fide  has  prtf- 
jefting  teeth  or  waves  which  catch  into  the  cogs  of  the  trun- 
dle By  and  by  that  means  turn  the  horizontal  fliaft  G  widi 
its  tvheel  C :  this  laftter  whetl  turns  the  trundle  D,  the  iutle  ^f 
which  carries  the  upper  millftone  £.  This  Icind  t»f  feotmil 
'Vill  anfwcr  extremely  well  to  grind  mak,  &c.  When  no  very 
great  power  is  required.  The  advantages  and<Kfadvantages  of  tltfe 
inclined  wheel  have  been  ftated  under  the  article  Crame,  when 
defcribing  the  contrivance  of  Mr.  Whyte,  whtdi  is  ^  Caitne  as^ 
this  of  Bocklei^s  iti  rcfjpeft  to  the  wheel. 

FORCER,  TEMPORARY,  for  a  pump,  is  a  contrivance  to  pro- 
duce a  conftant  ftream.  A  very  fimple  fbrcer  of  this  kind  baa 
*been  devifed  by  Mr.  R.  Trevithick :  it  confifts  in  fixing  a  barrel 
with  a  folid  piiton  along  the  fide  of  the  commoft  pump,  bi  fuidi 
a  manner,  that  the  lower  fpace  of  the  additional  barrel  may  eoffl- 
municate  widi  the  fpace  between  the  two  valves  of  die  pump  \ 
and,  laftly,  by  conne£king  the  rods  fo  that  they  may  work  to- 
gedier.  This  is  fliewn  in  fig.  i.  plate  IX.  ;axid  thft  eflfeft  is,  that 
when  the  piftons  are  raifed,  the  fpaces  beneath,  A  and  B,  be* 
come  filled  by  the  preiTure  of  the  atmofphere,  at  the  faitie  time 
that  the  upper  column  flows  out  at  £•    But  agaia^  wlMeti  -die 


|>!fton8  defeead}  the  valve  C  fliutei  ftnd>  eeia&^iiea%,  die  waHer 
driven  by  the  pifton  in  B  muft  afcend  through  A|  and  continue 
to  produce  an  equal  difcharge  through  £  in  ths  down  ftroke. 
NicL  Journ,  No.  7.  N.  S. 

FOUNTAIN,  Heb4^'8»  See  Htpaaulic  $n^hifiesy  No.  6. 
.  GIBB£T}.or  JIB,  of  a  cnin^,  the  proteding  heani,  upon  tl\p 
extremity  of  which  is  fixed  a  pulley  for  the  rope  to  pafs  over  ihat 
vaifes  the  weight :  it  is  reprefental  by  DEFj  in  fig«  3.  pL  IX. 
Jibs  of  the  ufual  conftru^ion  turn  on  two  folid  gudgeons.  The 
lope  by  which  the  goods  are  raifed  pafles  over  the  upper 
gudgeon,  and  is  confined  between  two  fmall  vertical  roUera, 
10  order  that  it  may  conftantly  lead  fair  with  the  pulley  or  iheave 
at  the  extremity  of  the  jib*  According  to  this  conftru^iionf 
whenever  the  crane  turns  round  its  axis,  the  rope  is  bended  fo 
as  to  form  an  angle  more  or  lefs  acute,  which  caules  a  great  in^ 
creafe  of  fri£^ion,  and  produces  a  continual  efibrt  to  bring  the 
arm  of  the  jib  into  a  parallel  pofition  to  the  inner  part  of  the 
rope.  Thcfe  inconveniences  may  appear  to  be  trifling  on  papev^ 
but  in  zSLual  pra&ice  they  are  of  no  fmall  importance,  for  they 
neccfiarily  imply  a  much  greater  exertion  of  power  in  ^raifing 
goods,  and  the  application  of  a  conftant  force  to  keep  the 
jib  in  the  pofition  that  may  be  requifite ;  while  the  partial 
ftvttA  which  is  exerted  on  only  a  few  ftrands  of  the  rope,  when 
bended  into  an  acute  angle,  infallibly  deftroys  it  in  a  very  ihort 
time. 

The  fimple  conftru^tion  propofed  by  Mr.  J.  Bramah  obviates 
all  thefe  defe^,  and  at  the  lame  time  poflefles  the  very  defirabk  * 
property  of  permitting  the  jib  of  what  is  termed  a  campihut  or 
landing  crane  wholly  to  revolve  round  its  axis,  and  to  land 
goods  at  any  point  of  the  circle  defcribed  by  the  arm  of  the 
jib. 

It  confifts  in  perforating  the  axis  or  pillar  of  the  crane,  and  ii| 
conducing  the  rope  through  this  perforation  by  means  of  an  ad-  ^ 
ditional  pulley  fised  on  the  top  of  the  arm  of  the  j)b*  The  rope 
proceeds  from  the  goods  which  are  hoifted,  through  a  pulley  fixed 
as  ufual  at  the  extremity  of  the  jib }  it  then  pafles  over  another 
pulley  filled  at  the  oppofite  extremity  of  the  jib,  and  is  by  this 
pulley  condu&ed  through  the  perforated  axis  or  pillar  to  a  third 
jiuUey )  whence  it  is  immediately  dire&ed  to  the  crane  by  which 
the  weight  is  elevjited. 

It  ia  almofi  unneceflary  to  ftate  that  the  lower  axis  is  ufually 
fixed  in  an  oilbox»  and  that  fri&ion  rollers  are  applied  to  the  axis 
wh^nev<^  the  circuinftances  may  render  it  necefiarv. 

When  great  weights  are  to  be  raifed,  as  large  nones  from  a 
imafry,  01;  pieces  of  ordnance,  from  a  fhip  to  a  quay,  the  crane  is 
<;omi¥iooly  a  fixf  4  Qi^i  Mid  only  the  gibbet  moveable^  from 
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which  the  weight  hatigs.  H-tc,  in  the  common  way  oF  worlei. 
ing  a  crane,  the  rope  of  which  runs  between  two  vertical  rollers, 
there  is  often  much  danger  in  turning  the  gibbet  upon  its  axis. 
A  fmall  rope,  cfalled  a  guide-rope,  is  fattened  to  the  weight,  or  to 
the  upper  part  of  the  gibbet  near  its  extremity,  which  a  man 
pulls  to  bring  the  weight  over  the  place  where  it  h  to  be 
lowered.  Now,  in  performing  this,  the  main  rope  not  con* 
tinuing  parallel  to  the  arm  of  the  gibbet,  gives  the  weight  a 
tendency  towards  that  fide  to  wnich  it  deviates,  and  that  fome* 
times  fo  fuddenly,  that  without  care  and  much  force  applied, 
the  load  will  fwing  with  great  violence,  and  do  much 'mifchief . 
To  prevent  this,  Mr.  Ralph  Allen  of  Bath,  about  the  year  1728,  • 
recommended  the  following  method :  Upon  the  (haft  of  rfie  gib* 
bet'lrt  there  be  fixed  an  iron  wheel  with  fcveral  teeth  or  cogs,  to 
be  carried  round  by  a  pinion  fixed  upon  a  horizontal  axis,  fuch 
axis  paffing  through  the  wall  or  frame-work  behind  the  fhaft  of 
the  gibbet,  and  having  at  its  further  extremity  a  vertical  wheef 
with  handles  projcfting  from  the  rim  in  the  plane  of  the  wheel, 
A  man  {landing  at  this  wheel  is  out  ^f  the  reach  of  danger  from 
the  load,  and  by  applying  a  fmall  portion  of  his  ftrength  at 
the  handles  of  the  wheel  he  can  eafily  bring  the  gibbet  and 
its  load  to  any  pofition  required,  and  retain  it  as  long  as  necef- 
fary  in  that  pofition.  A  figure  rcprefenting  thlis  contrivance  is 
given  in  the  Phil.Tranf.  No.  411.  and  in  Fergufon's  Sele6);  Lec- 
tures. 

(Gimbals,  a  contrivance  by  means  of  which  barometers, 
veffels  of  oil,  mariner's  compafles,  &c.  may  be  fufpended  fo  as 
to  arrange  their  upper  parts  horizontally.  The  nature  of  this 
contrivance  will  be  at  once  underftood  by  fhewing  its  applica- 
tion to  a  marinct^s  compafs.  It  confifts  of  a  hoop  or  ring 
fupported  upon  two  pins  diametrically  oppofite  each  other,  and 
{filling  from  the  external  furface  of  the  ring  in  fuch  a  dire£^ion 
that  both  lie  in  the  fame  diametrical  line*  Wheii  the  hoop  is 
fufpended  on  thcfc  pins  it  is  at  liberty  to  turn  freely  about 
the  diameter  of  which  they  conftitute  the  prolongation.  The 
notches  or  holes  of  fupport  are  difpofed  horizontally.  The 
compafs-box  itfelf  is  placed  in  a  fimilar  ring  with  two  projeft.- 
ing  pivots  \  and  thefe  pivots  are  inferted  in  holes  made  in  the 
former  ring  at  equal  diftances  from  each  of  its  pivots.  If  there- 
fore thfe  whole  be  left  at  liberty,  the  compafs-box  may  vibrate 
upon  the  diametral  line  of  the  outer  ring,  as  well  as  upon  a 
lifie  formed  by  its  own  pivots,  at  right  angles  to  that  diametral 
line.  "  The  confequence  of  this  arrangement  is,  that  the  centre 
of  gravity  of  the  compafs-box  will  difpofc  itfelf  immediately  be- 
neath the  interfeftion  of  both  lines  On  which  it  is  at  liberty  to 
move  ^— that  is  to  fay,  if  the  weight  of  the  box  and  its  component 
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t»atts  be  properly  difpofed,  the  compafs  will  afitime  a  pofidon  in 
which  the  upper  furface  {hall  be  horizontal. 

OIN.    See  Cub. 

GLAZIER'S .  viCB*  is  an  inftrument  for  drawing  window 
lead*    See  fie*  3.  pL  XXL    PG>  QH»  are  two  axles  running 
in  the  frame  KL»  ML.    C,  D,  two  wheels  of  uon  cafe-hard-^ 
ened,  i^.inch  broad,  and  of  the  thicknefs  of  a  pane  of  glaf$^; 
diefe  wheels  are  fixed  to  the  axles,  and  run  very  near  one  an* 
other,  their  diftance  not  exceeding  -rv  o^  ^^^  i^^  •  acrofs  their 
edges  feveral  nicks  are  cut,  the  better  to  draw  the  lead  through. 
E,  F,  are  two  pinions  each  of  twelve  leaves*  turning  one  another 
and  going  upon  the  ends  of  the  axles,  which  are  fquare,  being 
kept  fail  there  by  the  nuts  P,  Q^  which  are  fcrewed  faft  with  a 
key. ,  A,  B,  are  two  cheeks  of  iron,  cafe-hardened,  and  fixed  on 
each  fide  to  the  cafe  with  fcrews  ;  thefe  are  cut  with  an  open- 
ing where  the  two  wheels  meet,  and  fet  fo  near  to  the  wheels 
as  to  leave  a  fpace  equal  to  the  thicknefs  of  the  lead  \  £b  that 
between  the  wheels  and  the  cheeks  there  is  left  a  hole  of  the 
form  reprefented  at  N,  which  is  the  ihape  of  the  lead  when  cut' 
through.    The  frame  KLML  is  held  together  by  crofs  bars  pafl^ 
ing  through  the  fides,  and  fcrewed  on :  and  a  cover  is  put  over 
the  machine  to  exclude  the  duft.     The  whole  is  fcrewed  down 
fail  to  a  bench  by  fcrew  nails  LL.     When  the  vice  is  ufed,  the 
lead  to  be  drawn  is  firft  caft  in  moulds,  into  pieces  a  foot  long, 
with  a  gutter  on  each  fide.    One  of  thefe  pieces  is  taken,  and 
an  end  of  it  iharpened  a  little  with  a  knife ;  then,  being  put  into 
the  hole  between  the  wheels,  by  turning  the  handle  1  the  lead  \a 
drawn  through  the  vice,  and  receives  the  form  defigned. 

GRAVIMETER,  the  name  given  by  M.  Guyton  to  an  in-r 
ftrument  for  meafuring  fpecific  gravities :  he  ad(^ts  this  name 
rather  than  either  areometer  or  hydrometer,  becaufe  thefe  latter 
.'  ferms  are  grounded  upon  the  fuppofition  that  the  liquid  is  always 
the  thing  weighed ;  whereas,  with  regard  to  folids,  the  liquid  ia 
^he  known  term  of  comparifon  to  which  the  unknown  weight  it 
referred. 

Guyton's  gravimeter  is  executed  in  glafs,  and  is  of  a  cylin-* 
dric  form,  being  that  which  requires  the  fmalleft  quantity >of 
fluid,  and  is  on  that  account  preferable,  except  fo  izt  as  it  li 
neoefiary  to  deviate  for  the  fecurity  of  a  vertical  pofitioif.  Like 
^ieholfon's  Hydrometer  (art.  404.  voL  I.)  it  carries  two  bafins  ; 
one  of  them  fuperior,  at  the  extremity  of  a  thin  ftem,  towards 
the  middle  of  virhich  the  fixed  point  of  immerfion  is  marked* 
The  other,  or  lower  bafin,  terminates  in  a  point  s  it  contains 
the  ballaft,  and  is  attached  to  the  cylinder  by  two  branches. 
The  moveable  fufpenfion  by  m^ns  ^i  a  boqk  haa  the  incont 
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venimte  of  flmrtdun^  the  ie?«r  -which  is  to  ftonre  the  vertical 

pofition. 

The  cyUnder  is  22  millimetres  (0*71  inch)  in  diameter ;  and 
71  centimetres  (6*d'5  indses)  in  lengdi.  It  carries  in  the  up^r 
t^fin  an  additional  conlkant  weight  of  5  grammes  (115  grains). 
Thefe  dimenfions  might  be  increaled  fo  as  render  it  capable  of 
receiving  a  Brmch  jn<Mre  confiderable  weight  \  but  this  b  linne-* 
cefiary.  M.  Guyton  has  added  a  piece  which  he  calls  the 
fkngeur^  becaufe  in  izQi  it  is  placed  in  the  lower  bafin  when 
ufed,  and  is  confeqoently  entirely  imiotierfed  in  the  Soid.  It  is 
a  bulb  of  glafs  loaded  with  a  fuffident  quantity  of  mercury, 
Tti  order  diat  its  total  weight  may  be  equal  to  the  conftant  ad- 
ditional weight,  added  to  the  weight  of  the  volume  of  water  dif- 
placed  by  this  piece.  It  will  be  readily  underftood  that  tfao 
weight  being  determined  at  the  fame  temperature  at  which  the 
inftrument  was  originally  adjufted,  it  wall  fink  to  the  fame 
mark  on  the  ftem,  whether  it  be  loaded  widi  a  conftant  ad- 
ditional weS^t  in  the  upper  bafin,  or  whether  the  efied  of 
this  weight  be  produced  by  the  additional  piece  in  the  lower 
difh.  From  this  explanation  there  will  be  no  diffiaJty  in 
feeing  how  this  inftrument  may  be  adapted  to  every  eafe  si| 
praSiicew 

It  may  btf  ufed,  i.  for  folid^.  It  diffisrs  not  in  this  rdpe& 
inttL  Nichedfon's  faydionieter.  The  only  conditito  will  be,  a^ 
in  his  inftrument,  that  the  abfolute  nptreight  of  the  body  tq 
be  examined  (ball  be  rather  lefs  than  the  conftant  additional 
ivcight,  which  in  this  inftrument  is  5  grammes,  or  1 15  grains. 

2.  For  liquids  of  lefs  fpecific  gravity  than  water,  the  itiftru-f 
vent,  without  the  additional  weight  above  mentioned,  weighs 
about  2  decagrammes  (459  grains)  in  the  dimenfions bdbre  laid 
down,  it  would  be  eaiy  to  limit  its  weight  to  the  utmoft  91c- 
curacy.  We  have  therefore  the  range  of  one-fifth  of  buoyteey^ 
and  ooofequently  the  means  of  afcertaining  all  the  intamtediate 
denfities  from  water  €0  the  moft  highly  reified  fpiiit  of  wine» 
which  is  known  to  bear  in  this  refpedl  the  ratio  of  -8  to  10  witti 
|«gard  to  water. 

3.  When  liquids  of  greater  fpecific  gravity  than  water  are  te^ 
be  tried,  the  conftant  weight  being  applied  below,  by  means 
fgf  the  additional  piece,  whidi  weighs  about  6  grammes  (138 

.  giains),  ihV  inftrument  can  lieceive  in  the  upper  bafin  more 
dian  4  tiines  the  ufuaL  additional  weight,  widiout  lofing  dw 
cM|uilibrium  of  its  vertical  pofition.  In  diis  ftate  it  is  capable 
of  (hewii^  the  fpecific  gravity  of  the  moft  concentrated  adds. 

4»  It  poffefles'  another  prc^rty  comnxm  to  Nicholfon's  in- 
^nunen^  oaaielyithat  it  may  be  ufed  as  a  balance  to  xtetenain^ 


t^c  abftliite  weigjht.cf  fucb  bodka  i^s  do  not  ercecd  its  addkbaal 
load.  .  , 

5«  Laftl^,  the  purity  of  the  water  betnf  knowii»  it  will  indicate 
the  degrees  of  rarefa^ion  and  condenfation  in  proportion  to  its 
qwn  bulk. 

This  inftrument  may  be  readily  conftru£ied  by  any  workmaa 
in  glafs.  The  additional  piece  for  the  lower  baiin  wUl  require 
iaa^  attention  to  make  it  perfe&ly  agree  with  the  cooftant 
upper  weighty  as  to  the  immef  (ion  of  the  inftrument.  But  this 
obje^  may,  by  careful  adjuftment,  be  afcertained  with  the  ttt-> 
mofl:  certainty  and  accuracy.  The  bvlb  of  glafs  is  for  this  pur* 
pofe  drawn  oat  to  a  fine  point;  a  fiafficient  quantity  of  mercury 
is  then  introduced  to  fink  it,  and  the  aperture  ciofed  with  a  littk 
piece  of  wax.  .  The  bulb,  being  then  placed  in  the  lower  ba6ii 
of  the  inftrument,  the  upper  bafin  is  to  be  loaded  until  the  mark 
on  the  ftem  becomes  accurately  coincident  with  the  furface  of 
ihe  water*  The  fum  of  the  weights  added  above  is  precifely 
d^ual  to  that  of  the  quantity  of  mercury  neceflary  to-be  added 
to  that  in  the  glafs  bulb  ;  which  done,  nothing  more  is  needed 
than  to  feal  the  point  by  fufion,  taking  care  not  to  change  its 
bulk. 

Tlie  whole  is  rendered  {wrtable  by  means  of  a  cafe  in  wh^ 
all  the  deUcate  parts  are  fecured  from  preflure,  and  the- heavier 
parts  fupported  ia  fuch  a  manner  as  to  i^ft  the  excefs  of  motion 
they  are  capable  of  acquiring  by  virtue  of  their  mafs.  This  laft 
circumftance  is  frequently  overlooked  by  fuch  workmen  as  am 
employed  in  the  package  of  inftruments ;  whence  it  neeeflarily 
follows,  that  fome  ftrain  or  frafiure  moft  be  produced  when.mat« 
ters  of  very  unequal  denfity  are  expofcd  to  receive  a  common  inw 
pulfe* 

To  find  the  fpecific  gravity  of  any  folid  by  the  gravimetert 
pUerve  this  iiile :  ^<  From  the  weight  in  the  upper  di(h,  when 
the  inftrument  is  properly  immerfed  in  the  unknown  fluid,  take 
the  weij^t  which  is  placed  with  the  body  in  the  famefcale  at 
the  like  adjuftment.  The  remainder  is  the  abfolute  weight  of 
the  folid.  Multiply  this  by  the  fpecific  gravity  of  the  fluid,  and 
referve  the  produ^*  From  the  additional  weight  when  the 
ix)dy  b  placed  in  the  lower  bafin,  take  the  weight  when  it  waa 
placed  in  the  upper.  The  remainder  will  be  die  lofs  of  weight 
by  tmmerfioD.  Divide  the  referved  produd  by  the  lofs  by  infr- 
mcrfion,  and  the  quotient  will  be  the  fpecific  gravity  of  the  felid 
with  regard  to-  diftiiled  water  at  the  ftandard  temperature  and 
preflTure.'*  ' 

*  To  find  the  fpecific  gravity  of  a  fltud  proceed  thuss  *^  To  the 
wei^  of  the  gtavimeter  add  the  weight  required  in  the  upper 
l^afin  to  fink  it  in  the  unknown  fluid.    Again^  to  the  weight  of 
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the  gravimeter  addthe  weight  required  in  the  fame  matmer  t^ 
fink  it  in  diflilled  water.  Divide  the  firft  fum  by  the  latter^ 
and  the  quotient  will  be  4he  fpecific  gravity  of  the  fluid  in 
queftion/' , 

For,$gures  of  the  gravimeter,  ittAnnalet  de  Ciimie,  tome  2I9 
or  Nicho!fon*s  Journal,  vol.  I.  410. 

HANDMILLS*  are  commonly  u{ed  for  fome  culinary  ptir- 
pofes,  as  the  grinding  of  coffee,  pepper,  and  the  like*  Some* 
times  handmills  of  larger  iize  are  ufed  to  grind  malt,  wheat, 
&c.  and  in  fuch  cafes  the  hand  is  generally  applied  to^  winch  * 
handle.  But  in  Bochler^s  Theatrutn  Machinarum  there  is  a  de- 
fcripcion  of  a  mill,  in  which  the  efibrt  of  a  man  is  applied  to  a 
lever  moving  to  and  fro  horizontally,  nearly  as  in  the  a^lioa  of 
rowing :  as  this  is  a  very  advantageous  method  of  applying  hu- 
man ftreogth,  the  effort  being  greatly  aiEftcd  by  the  heavinefs  of 
the  man  in  leaning  back,  we  (hall  give  a  brief  dcfcription  of  this 
kind  of  mill,  which  is  represented  in  fig.  4.  pi,  Xll.  The  vertif> 
eal  (haft  EG  carries  a  toothed  wheel  C,  and  a  folid  wheel  F;  the 
latter  being  intended  to  operate  as  a  regnlating  fly.  Upon  the 
crank  AB  hangs  one  end  of  an  iron  bar  I,  the  other  end  of 
which  hangs  upon  the  lever  HK ;  the  motion  being  pretty  free 
at  both  ends  of  this  bar  I.  One  end  of  the  lever  HK  hangs 
upon  the  fixed  hook  1^>  about  which  as  a  centre  of  motion  it 
turns.  Then,  while  a  man,  by  pulling  at  the  lever  HK,  moves 
the  extremity  H  from  H  to  N,  the  bar  I  a&iog  upon  the  crank 
AB  gives  to  the  wheels  C  and  F  half  a  rotation ;  and  the  mo- 
mentum they  have  acquired  will  carry  them  on,  the  man  at  the 
lever  fuifering  it  to  turn  back  from  N  to  H,  while  the  other  half 
of  the  rotation  of  the  wheels  is  completed.  In  like  manner  an- 
other fuificient  pull  at  the  lever  HK  gives  another  rotation  to  the 
wheel  C,  and  fo  on,  at  plcafure.  I'he  wheel  C  turns  by  its 
teeth  the  trundle  J),  the  fpindle  of  which  carries  the  upper  mitt-^ 
ftone,  juft  as  the  ipindlcD  carries  round  the  upper  ftone  in  figt  t« 
pi.  XV. 

In  this  mill  the  nearer  the  end  of  the  bar  I  upon  the  lever 
UK  is  to  the  fixed  hook  K,  the  eafier,  atteris  paribus^  will  the 
man  work  tlie  mill.  If  the  numl^er  of  teeth  in  the  wheel  C  be 
6  times  the  number  of  cogs  in  the  trundle  D,  then  the  hn 
bourer  by  making  to  pulls  at  die  lever  H  in  a  minute  will  give 
60  revolutions  to  the  upper  mill- (lone  in  the  fame  fpacc  of 
lime. 

The  Society  of  Arts  have  lately  adjudged  a  filver  medal  to 
Mr.  Garnett  Terry,  of  City  Road,  Finibury-fquare,  for  his  inr 
vcndon  of  a  miU  to  grind  hard  fubftiances,  by  meaos  of  a  wheel 
turning  upon  a  horizontal  axis  infteadi  of  a  ve^^tical  one,  as  Jn  the 
comxnon  conftiu£kion»    Mr.  Terry  has  con(tru£lcd  this  mill  ou 


I. 


Heart-wheel ^^'--Hydrttulic  Engtneu 


^ 


%  IdX^  fcdie ;  tWe  h  alfo  a  model  depofited  iii  the  coire&ion  xi 
thtttfoci^fy. 

Plate  VIII.  fig.  4.  A.  The  hopper  or  receptacle  of  thfc  anidcii 
which  are  intended  to  be  ground. 

-B.  A  fpiral  wire^  in  the  form  of  a  rererfed  cone^  to  tegolate 
the  delivery  of  them. 

-  C.  An  inclined  iron  plate,  hung  upon  a  pin  on  its  higher  end  : 
the  lower  end  refts  on  the  grooved  axis  D^  and  agitates  the 
^ire  B*      ' 

D.  The  grooved  axis,  or  grinding  cylinder,  which  a£ls  agamft 
the  channelled  iron  plate  E. 

F.  A  fcrew  on  the  fide  of  the  mill,  by  means  of  which  the 
5ron  plate  E  is  brought  nearer  to  or  removed  further  from  the 
axis  D,  according  as  the  article  is  wanted  finer  or  coarfer, 

G.  The  handle  by  which  motion  is  given  to  the. axis. 

H.  The  tube  from  whence  the  articles,  when  ground,  areire- 
^cived, 

*i^*  The  front  of  the  mill  is  taken  off,  in  order  to  (hew  its  in- 
terior conftrudion. 

•  HEART-WHEEL  is  the  name  given  in  England  to  a  wcH 
known  method  of  converting  a  circuitous  motion  into  an  altef- 
dating  reftilinear  one,  which  is  common  in  cotton-mills.  It  is 
an  dlipfe  turned  either  on  an  axle,  or  by  means  of  a  wihch  and 
4iandle  on  one  of  its  foci,  or  its  centre,  on  whofe  edge  a  move- 
ttWe  point  or  circle  prefles  \  the  latter  receives  an  alternating 
motion  from  the  circumference  of  the  ellipfe,  and  ptcffes  it  hi 
ks  revol\)tion  to  different  diftances  from  the  centre  of  motion. 
This  method  was  contrived,  we  believe,  by  fir  Samuel  Morland, 
^boutthe  year  t6Z^,  The  pradiical  difadvantages  of  thi^  con- 
trivance are  the  inequality  of  preflTure  and  of  moving  force  which 
will  be  required  at  difierent  parts  of  the  rotation  of  the  ellipfe^ 
ttnd  the  confequent  wearing  of  fome  parts  of  it  much^  fafter  than 
others^  which  will  render  it  fre<}uently  necefiary  to  have  new 
elliptical  wheels.  A  late  application  of  the  heart-wheel  has  beefi 
already  mentioned,  under  the  word  CorNiNG. 
'  HCKDKE'S  JOINTS,  or,  as  they  are  often  called,  univerfat 
joints,  have  been  dcfcribed  in  the  imroduftory  part  of  this  vo- 
lume. 

HUNTER'S  i>ouBLfi  screw,  was  defcribed  in  kit  i6u 
vol.  I. 

HYPR AULIC  MACHINES,  are  ftruftures  contrived  fot  the 
^urpofti  either  of  conveying  wat^r  from  one  fituation  to  an- 
other, particularly  from  a  lowct  to  a  higher  5  or,  by  means  of 
tte  force  or  preffttre  of  water,  to  perform  fome  inechanical 
apetation,  as  'grinding^  boring)  fawing»    The  fotmer  kind  of 
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hydraulic  engines  will  only  be  fpoken  of  here ;  the  latter  bciog 
defcribed  under  the  various  heads  Flour-milL)  FLAX^OfiLLt 
S4W-MILX«,  &c.  .       ' 

I .  Of  all  the  machines  the  ancients  invented  to  raife  water^  it 
appear«^that  though  Archinnedes's  fcrew  (fee  ArMfrndes'^sst^x^ 
in  this  volume)  was  the  moft  curiouS)  the  tympanum^  mentioned 
by  Vltruviusy  elevated  the  greateft  quantity  at  once :  a  brief  de« 
fcription  of  this  may  fuffice^  as  preparatory  to  the  account  of  « 
machine  made  in  imitation  of  it,  but  more  ingenious  and  more 
perfca. 

The  tympMnum  is  a  great  hollow  wheel,  forming  a  kind  of 
barrel  or  drum  (as  its  name  imports )»  compofed  of  feveral  planks 
joined  together,  well  calked  and  pitched,  and  having  a  horizontal 
axle  on  which  it  turns :  the  interior  of  this  drum  is  divided 
into  8  equal  fpaces  by  as  many  partitions  placed  in  the  direo- 
tions  of  the  radii  \  each  fpace  or  cell  has  an  orifice  of  about  half 
a  foot  in  the  rim  of  the  drum  or  wheel,  fo  (haped  as  to  facilitalf 
the  admiflfion  of  the  water :  moreover,  there  are  H  hollow  chan- 
nels running  contiguous  to  each  other  and  parallel  to  the  axle  ci 
the  wheel,  each  correfponding  to  one  of  the  8  large  Cells}  into 
thefe  channels  the  water  pafTes  out  of  the^cells  |uft  mentiooec^ 
and,  after  running  along  the  channels  to  a  convenient  diftaace^ 
k  efcapes  through  orifices  into  a  refervoir  placed  juft  under  the 
axle.  Thus  the  water  is  elevated  through  a  vertical  fpace  equal 
to  the  radius  of  the  hollow  wheel.  When. the  tympanum  is 
pfed  to  raijCe  water  from  a  running  ftream,  it  is  moved  by  means 
pi  float  boards  which  are  impelled  by  the  ftream :  but  when  it 
is  employed  to  raife  ftagnant  water,  there  is  commonly  a  fmaller 
wheel  on  the  fame  (han,  which  is  turned  by  men  waiking  in  i^ 
as  in  the  old  walking  crane.  The  chief  defedl  of  this  machine  is 
that  it  raifes  the  water  in  the  moft  difadvantageous  fituationpof- 
fible :  for  the  load  being  found  always  towards  the  extremity  of 
a  radius  of  the  wheel,  the  arm  of  the  ejBR:£iive  lever  which  afii- 
fwers  to  it  increafes  through  the  whole  quadrant  the  water 
defcribes  in  paiCng  from  the  bottom  of  the  wheel  to  the  altitude 
of  its  centre  ;  fo  that  the  power  muft  ^Qc  in  like  manner  as  if  it 
were  applied  at  a  winch  handle^  and  cannot,  therefore,  a^t  uni^ 
formly. 

a.  To  remedy  this  defe£l  }A.  de  la  Fayi  devifed  a  machine 
which  may  here  be  defcribed,  together  with  the  procefs  of  rei^ 
^ibnine  that  led  to  it. 

When  we  develope  the  circumference  of  a  circle^  a  eunw  j^ 
defcribed  (i.  e.  the  involute)  of  which  all  the  radii  are  &>  m^iqf 
tangents  tp  the  circle,  and  are  likewife  all  refpe4^ively  perpcar 
dicular  to  the  feveral  points  of  the  curve  defcribed,  which  has  iof 
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!ts  greateft  radius  a  line  equal  to  the  periphery  of  the  circle 
CToWed*  The  truth  of  which  is  Ihewn  by  geometricians  ^9hei% 
treating  of  the  genefis  of  evolute  and  involute  curves. 

Hence,  having  an  axle  whofe  circumference  a  little  exceedn 
the  height  which  the  wtitcr  is  propofed  to  be  elevated,  ht  the  cir- 
*cumferenoeof  the  axle  be  evolved,  and  make  a  curved  canal 
vrhak  curvature  ihall  coincide  throughout  exafily  with  that  of 
the  involute  juft  formed  :  if  the  further  extremity  of  this  canal 
fce  made  to  enter  the  water  that  is  to  be  elevated,  and  the  other 
extremity  abut  upon  the  fliaft  which  is  turned ;  then  in  the 
courfe  or  the  rotation  the  water  will  rife  in  a  vertical  dire^ioit, 
tangential  to  the  fliaft,  and  perpendicular  to  the  canal  in  virhat-' 
ever  pofition  it  mav  be.  Thus  the  a£lion  of  the  weight  an« 
fwering  always  to  tne  extremity  of  a  horizontal  radius  will  be 
ms^  though  it  zBtcd  upon  the  invariable  arm  of  a  lever,  and  the 
power  whit%  raifes  the  weight  will  be  always  the  fame  :  and  S 
the  radios  of  the  wheel,  of  whidi  this  hollow  canal  ferves  as  d 
lient  (poke,  is  equal  to  the  height  that  the  water  is  to  be  raifed^ 
and  confequently  equal  to  the  circumference  of  the  axle  or 
fliaft,  the  power  will  be  to  the  load  of  water  reciprocally  as  the 
radius  of  a  circle  to  its  circumference,  or  directly  as  x  to  6} 
nearly. 

hiVi.de  la  Fay^t  opinion,  die  machine  ought  to  be  compofed 
of  four  of  thefe  canals :  but  it  has  often  been  conftru£ted  with 
•8,  as  reprefented  in  fig.  i.  pL  XIX.  The  wheel  being  turned 
by  theiBipulfionof  Vheftream  upon  the  float-boards,  the  orifices 
F,  £,  D,  C,  Sec.  of  the  curvilinear  canals,  dip  one  after  anotlkv 
intb  the  water  which  runs  into  them ;  and  as  the  wheel  revolvete 
the  fluid  rifes  in  die  canals^  ^ ,  i/,  r,  Bcc»  and  runs  out  in  a  ftream 
P  from  the  holes  at  O ;  it  is  received  into  the  trough  Q,  and 
Goni^eyed  from  thence  by  pipes. 

By  this  conftni£Hon  the  weight  to  be  raifed  ofiers  always  die 
4krtQ  refiftance,  and  that  the  feaft  poffible,  wl^ile  the  power  is 
-applied  in  the  moft  advantageous  manner  the  circumftances  will 
admit  of:  thefe  conditions  both  fulfilled  at  the  fame  time  fumifli 
the  moft  defirable  perfediion  in  a  machine.  Further,  this  ma- 
•ehme  rtiks  the  water  by  the  fliorteft  way,  namely,  the  perpen- 
dicular, or  vertical ;  in  this  refpe£l  being  preferable  to  Archt- 
medes's  fcrew,  where  the  water  is  carried  up  an  inclined  path  : 
afid  befides  this,  each  curved  channel  in  this  wheel  empties  .all 
the  water  it  receives  in  every  revdution,  whfle  the  fcrew  of  Ar- 
•chimedes  delivers  only  a  fmall  portion  of  the  fluid  it  is  charged 
with,  being  often  loaded  .wttii  20  times  as  much  water  as  is 
'Mfiharged  in  one  rotation;  and  thus  requiring  an  enormous 
incveafe  of  labotor  when  a  hr^e  quantity  is  intended  to  be  raifed 
kylt. 
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•  The  ilatare  and  advantages  of  this  wheel  evince  very  forciUf 
how  far  die  fpeculations  of  geometers  are  frombein^foiinfruk* 
ful  in  ufefal  applications,  as  is  often  infimiated  fay  praAical 
Aieii» 

-J.  The  wheel  juft  defcrihed  would  we  think  be  the  nioft  per* 
fm,  of-anj  that  could  be  employed  for  raifing  water,  had  it  no( 
the  difadvantage  attending  the  tympanum,  which  is,  that  Jt  eait 
only  raife  water  to  the  height  of  its  femtdiameter.  As  in  many 
cafes  water  is  to  be  raifed  higher  than  the  radios  of  any  whed 
am  well  be  made  for  pra£lice>  we  ihail  next  defcribe  a  maclune 
caMed  the  Noria^  common  in  Spain,  which  raifes  water  nearly 
through  a  diameter.  This  Noria  confifts  of  a  vertical  wheel  oiF 
20  feet  diameter,  on  the  circumference  of  which  zxt  fixed  a 
oumber  of  little  boxes  or  fquare  buckets,  for  die  purpofe  of 
tainng  the  water  out  of  the  well,  communicating  with  the  cantl 
fccioW}  and  to  empty  it  in  a  refervoir  above,  placed  by  the  fide  of 
the  wheeL  The  buckets  have  a  lateral  orinoe,  to  receive  Mid 
to  difcharge  the  water.  The  axis  of  thi$  wheel  is  embraced  by 
fear  fmall  beams,  croffing  each  other  at  right  angles,  tapering  at 
the  extremities,  and  forming  eight  little  arms.  This  wheel  is 
xiear  die  centre  of  the  hor(e~walk,  contiguous  to-the  vertical  axis, 
into  the  top  of  which  the  horfe-beam  is  fixed  ;  but  near  the  bet* 
tom  it  is  embraced  by  four  little  beams,  forming  eight  arms 
fimilar  to  thofe  above  defcribed,  on  the  axis  of  the  water- whooi. 
As  the  mule  which  they  ufe  goes  round,  thefe  horizontal  amNi» 
fii]q^lying  the  place  of  cogs,  take  hold,  each  in  fuccefiion,  of  dio& 
srms  which  arc  fixed  on  uic  axis  of  the  water-wheel,  and  keep  it 
HI- rotation. 

This  machine,  than  which  nothing  can  be  cheaper,  throws  op 
a^  great  qnantity  of  water;  yet  undoubtedly  it  has  two  defeats: 
Ifae'firft  is,  that  part  of  the  water  runs  out  of  the  buckets  aad 
Irils  back  into  die  well  after  it  has  been  raifed  nearly  to  the 
level  of  the  refervoir :  the  fecond  is,  that  a  conliderable  propor^ 
tioii  of  the  water  to  be  difcharged  is  raifed  higher  than  the  ro» 
fervoir,  and  falls  into  it  only  at  the  moment  when  the  bueket  is 
at  the-higheft  point  of  the  circle,  and  ready  to  defcend.  Thefe 
.inconveniences  are  both  remedied  by  the  contrivance  mentioned 
in  the  next  paragraph. 

4.  The  Fetftatt  wheel  is  a  name  given  to  a  machine  for  Taifing 
w^ter,  which  may  be  turned  by  means  of  a  ftream  AS  a£ling  npoa 
the  wheel  CDE  according  to  the  order  of  the  letters ;  (fig.<  i.  pi. 
XIX.)  The  buckets'^, «,  a,  a,  &c.  inftead  of  being  firmly  faftened, 
are  hung  upon  the  whed  by  ilrong  pins,  by  b^  bi  b^  ^.  fixed  in  the 
fide  c^  the  rim  ;  which  mud  be  made  as  high  as  the  water  itio^ 
tended  to  be  raifed  above  die  level  of  that  pstrt  of  the  ftveam  ia 
which  the  wheel  is  placed.    As  the  wheel  tomsi  the  bschfits^Si 
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like  right  band  go  down  into  the  water,  where  they  are  fined, 
aod  return  up  mil  on  the  kft  handi  till  they  come  to  the  top  at 
K )  where  they  ftrike  againft  the  end  n  of  the  fixed  trough  M# 
by  which  they  are  overfet,  and  fo  empty  the  water  into  dio 
trough  $  from  whence  it  is  to  be  conyeyed  in  pipes  to  any 
{>lace  it  is  intended  for:  and  as  each  bucket  gets  over  the 
trough,  it  falls  into  a  perpendicular  pofition  again,  and  fo  eoes 
down  empty  till  it  comes  to  the  water  at  A,  where  it  is  nked 
as  before.  On  each  bucket  is  a  fpring  r,  which  going  oTcr 
the  top  or  crown  of  the  bar  m  (fixed  to  die  trough  M;  raites  the 
bottom  of  the  bucket  above  the  level  of  its  mouth,  and  fo  caufes 
k  to  empty  all  its  water  into  the  trough. 

To  determine  the  due  relation  of  the  power  and  the  weight  lb  , 
tiiat  thii  whed  may  be  capable  of  producing  the  greateft  eStfk^ 
the  following  may  be  taken  as  a  good  approximation.  After 
hairing  fixed  the  diameter  of  the  wheel,  which  muft  be  fome* 
thing  greater  than  the  altitude  to  which  the  water  is  to  be 
raited  \  fix  alfo  upon  an  even  number  of  buckets  to  be  hung  at 
equal  diftances  round  the  periphery  of  the  wheel,  and  mark  the 
pofition  of  their  centres  of  motion  in  fuch  a  manner  that  they 
will  ftand  in  correfponding  pofitions  in  every  quarter  of  the 
circle :  conceive  vertical  lines  drawn  through  the  centre  of 
motion  of  each  bucket  in  the  rifing  part  of  the  wheel  \  they 
will  interfe&  the  horizontal  diameter  of  the  wheel  in  points 
at  which  if  the  buckets  were  hung  they  would  fumifli  the 
fame  refiftance  to  the  moving  force  as  they  do  when  hanging 
at  their  refpedive  places  on  the  rim  of  the  wheel.  Thus,  fup» 
pofing  diere  were  i8  equidiftant  buckets;  then  while  8  hung 
on  each  fide  a  vertical  diameter  of  the  wheel  there  would  be 
8  on  the  other  fide,  and  2  would  coincide  with  that  diameter; 
is  this  cafe  the  refiftance  arifing  from  all  the  full  buckets  would 
be  the  fame  as  if  one  bucket  hung  on  the  prolongation  of  the 
horizontal  diameter  at  the  diftance  of  a  fin.  ao^  +  2 -fin.  40""'  + 
2  fin.  60**  4-  2  fin.  80%  thefe  being  the  fines  to  the  comnxm 
radius  of  the  wheel. 
•  To  know  the  quantity  of  water  that  each  bucket  (hould  eon* 
tain,  take  ^  of  the  abfolute  force  of  the  ftream,  that  is,  ^  of  the 
weight  of  the  prifm  of  water  whofe  bafe  is  the  furface  of  one  of 
the  float-boards,  and  whofe  hei^t  is  that  through  which  water 
muft  fall  to  acquire  4he  velocity  of  the  ftream  \  fo  have  we  the 
power  that  flicmld  be  in  equilibrio  with  the  weight  of  water  in 
dw  buckets  of  the  rifing  femicircle.  Then  (ay,  as  the  fum  of 
the  fines  mentioned  above  is  to  radius,  fo  is  the  power  juft 
found  to  a  fourth  term,  the  half  of  which  will  be  the  weight 
of  water  that  ought  to  be  contained  in  one  bucket.  Laftljr,  as 
die  Ttlocity  of  the  wheel  wiU  be  to  that  of  the  ftream  nearly 
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as  I  to  2^,  die  ^itantky  of  revolutions  U  «iake$  m  any  4oter« 
mioate  i^e  becomes  known^  and,  of  4:oofequetice9  the  quantity 
of  water  the  wheel  will  raife  in  the  fame  time }  fince  w«  know* 
idle  cwpSLcity  of  each  bucket^  and  the  number  of  them  emptied  in 
every  revolution  of  the  wheel. 

5.  Another  mechanical  contrivance  for  thd  purpofe  of  raiGng 
water  is  a  cUfoin-pump.  This  is  now  generally  made  from  12  to 
24  feet  ^in  length ;  confifts  of  two  collateral  fquare  barrels,  and 
an  eodlefs  chain  of  plftons  of  the  £une  form  fixed  at  proper 
diftances.  The  chain  is  moved  round  a  coarfe  kind  of  wh&eh 
wQsk,  fixed  fometimes  at  one  end,  but  often  at  both  ends  of  the 
machine.  '^The  teeth  of  the  wheel-work  are  fo  contrived  as  40 
ceceive  -one  half  of  the  flat  piflons  and  let  diem  fold  in ;  and 
they  take  hold  of  the  links  as  they  rife.  A  whole  raw  of  tiie 
piilions  (which  go  free  of  the  fides  c^  the  barrel  by  about  a 
quarter  of  an  inch)  are  always  lifting  when  the  pump  is  %t 
work  i  and,  as  this  machine  is  generally  worked  briiklyf  tlie 
piifens  or  pallets  bring  up  a  full  bore  of  water  in  the  pump. 
Chain-pumps  are  wrought  fometimes  by  men  turning  winchei^ 
fometimes  by  horfes,  and  fometimes  by  the  impulfe  of  a  ftreim 
of  water :  they  are  likewife  fo  contrived  that  by  the  cootinual 
folding  in  of  the  piftons,  fton^Sytdirt,  or  whatever  comes  in  the 
way,  may  be  cleared  oiF:  they  are  therefore  often  ufed  to  drain 
ponds,  fewers,  and  remove  loul  waterj  when  no  other  pump 
could  be  employed.  J 

Chain-pumps  are  not  merely  fixed  in  a  vciUcsl  pofition^  but 
are  often  inclined ;  and  in  the  latter  cafe  they  are  in  a  ftale  of 
the  greateft  perfefiion^  or  raife  the  moft  water,  when  this  bveMith 
of  the  pallets  is  equal  to  their  diftance  from  each  other,  and  the 
plane  is  inclined  under  dp  angle  of  24""  2i'. 

It  is  not  unufual  for  chain-pumps  to  be  erefted  wjlhout/a 
barrel  to  receive  the  piftons,  after  4;he  manner  xcpre&oted  ia 
fig.  3.  pi.  XIX.  The  pallets  are  converted  into  f quare  hoiMM 
/,  J,  &c.  which  are  raifed  by  means  of  hexagonal  axle3^?oMd^ 
fide  of  the  hexagon  being  equal  to  the  diftance  from  box^  bo^t 
the  boxes  defcend  with  their  mouths  downwardsj  and  fb^ntonthe 
water. 

Another  contrivance  Ibr  raifing  water  fimilar  to  the  chain* 
pump  is  an  endlefs  rope  with  ftuffed  cuihions  hung  upon  it, 
which,  by  means  of  two  wheels  or  drums,  aire  omfcd  «» rife 
in  fucceflion  in  the  fame  barrel,  and  to  carry  water  with-dbem. 
From  the  refemblance  of  this  apparatus  to  a  ftring  of  beftis,  i)C  is 
ufuSUy  called  faUrmfier'^vorh  But  in  this,  as  w#U>as  the  cfaaiii* 
pump,  th^  magnitude  oi  the  fri£lion  is  a  formidabk  pra^ical^l^ 
jetUon.  ,  ..  ^      .  -.  ^v: 

6.  Jets  and  fountains  are  n^t  now  confidered  as  oondudM^to 
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{>ifiQTefqtte  ^bty;  nor  can  tlie)^.be  reckoned  of  much  ttttiitjr^ 
except  periiapain  hot  climates :  we  have  not  therefore  defcribed 
aDy  m  this  work.  But  hi  the  fountain  of  Hef^o  of  Syracufe  a 
principle  is  introduced  which  has  been  found  of  great  utility  in 
iarser  works  $  for  the  head  of  water  is  a£):uaUy  lower  than  the 
orifice,  but  the  preflure  is  communicated  by  the  intervention  of 
a  column  of  air :  the  conftru&ion  of  this  fountain  is  as  follows* 
It  confifts  of  two  veflels  KLMN  (fig.  5.  pi.  XIX.)  and  OPQR, 
which  are  clofe  on  all  fides*  A  tube  AB,  having  a  funnel  at 
the  topt  pafies  through  the  uppermoft  veflel  without  communi« 
eating  with  it,  being  foldered  into  its  top  and  bottom*  It  alfi> 
pafles  throiurh  the  to|»  of  the  under  vefiel,  where  it  is  Itkewife 
foldered,  and  reach^  almoft  to  its  bottom.  Ihis  tube  is  open  at 
both  ends*  There  is  another  open  tube  ST,  which  is  foldered 
into  the  top  of  the  under  veflel  and  the  bottom  of  the  upper  vef- 
fel,  and  reaches  almoft  to  its  top.  Thefe  two  tubes  ferve  alfo  to 
fupport  the  upper  veflel.  A  third  tube  GF  is  foldered  into  the 
top  of  the  upper  veflel,  and  reaches  almoft  to  its  bottom.  Thid 
tube  is  open  at  both  ends,  but  the  orifice  G  is  very  fmalh  Now 
fnppofe  die  uppermoft  veflel  filled  with  water  to  the  height  £N, 
£  /  being  its  furface  a  little  below  1\  Stop  the  orifice  G  with 
the  finger,  and  pour  in  water  at  A.  This  willdefcend  through 
AB,  and  comprefs  the  air  in  OQRP  into  lefs  room.  Suppofe 
the  water  in  the  under  veflfel  to  have  acquired  the  furface  C  Cy 
die  air  which  formerly  occupied  the  whole  of  the  fpaces-OPQR 
and  EL  e  E  will  now  be  contained  in  the  fpaces  oV  cC  and 
KL  £  £ ;  and  its  elafticity  will  be  in  equilibrto  with  the  weight 
of  the  column  of  water,  whofe  bafe  is  the  furface  £  ^,  and  whofe 
he^ht  is  A  c.  As  this  preflure  is  exerted  in  every  part  of  the 
air,  it  will  be  exerted  on  the  furface  £  ^  of  the  water  of  the 
iippervsefliel ;  and  if  the  pipe  FG  were  continued  upwards,  tlie 
water  wooM  be  fuf^rted  in  it  to  a  height  e  H  above  £  if,  equal 
to  A  ^*  Therefore,  if  the  finger  be  now  taken  from  ofl^  the 
oiifioe  69  the  fluid  will  fpout  up  through  it  to  the  fame  height 
as-if  it  had  fallen  through  a  tube  whofe  altitude  is  ^  H.  $0  lon|r 
as  iIhm  is  any  water  in  the  veflel  KLNM  there  will  be  a  dif* 
charge  through  the  orifice:  therefore  the  play  of  the  fountain 
will  continue  wlulft  the  virater  contained  in  the  upper  veflel^ 
^unrii^  fpouted  out,  falls  down  through  the  pipe  AB :  the  height 
of  the  water  meafured  from  the  ba{m  VAW  to  the  furface  of 
the  water  in  the  lower  veflel  OPQR  is  always  equal  to  the*^ 
heif^  neafared  from  the  top  of  the  jet  to  the  furface  of  the 
waier  in  the  tdU  KLMN.  Now,  fince  the  furface  £  e  is  aU 
wtf^  fsDiagi  mA  the  water  in  the  low«r  veflel  always  rifing^ 
the  hdght  of  the  jet  muft  conti^xually  deaeafe,  till  it  is  ihorter 
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by  the  deph  of  KLMN,  ^ick  is  emptjf,  added  to  the  depA  of 
OPQR9  which  is  always  filltng ;  and  when  the  jet  is  fallen  fo 
low  it  immediately  ceafes  to  play. 

7.  A  machine  defigned  to  raife  water  to  a  great  height  for 
the  irrigation  of  land,  in  fuch  fituations  as  ha?e  the  advantage  of 
a  fmall  fall)  is  defcribed  in  Dr.  Darwin's  Phytohgia:  as  itdepends 
on  the  principle  of  Hero's  fountain,  it  may  properly  be  inferted 
here. 

Fig.  4.  pi.  XIX.  Oy  *,  is  the  ftream  of  water. 

^,  Cj  r,  reprcfents  the  water- fall,  fappofed  to  be  10  feet.    . 

dy  e,  are  two  leaden  or  iron  veflels,  containing  a  certain  quan« 
tity  of  water,  which  may  be  computed  to  be  about  4  gallons 
each. 

fj  gi  if  I,  if  /,  are  leaden  veflels,  each  holding  about  two 
quarts. 

Pf  py  two, cocks,  each  of  which  pailes  through  two  pipes^  open* 
ing  die  one.  and  clofing  the  other. 

q^  r,  is  a  water-halattce^  that  moves  on  its  centre  / ;  and  by 
which  the  two  cocks  0  and  p  are  alternately  turned. 

/,  Uf  and  tvy  x,  are  two  air-pipes  of  kad,  both  intexnaUy  one 
iz^h'  and  a  quarter  in  diameter. 

yy  z;  y,  z  s  y,  z ;  are  water-pipes,  each  being  one  inch  in 
diameter. 

The  pipe  b^  e^  r,  is  always  full  from  the  ftream  «,  b :  the  fmall 
ciftems  F,  i,  /,  and  the  large  one  J,  are  fuppofed  to  have  been 
previouily  filled  with  water.  The  fluid  may  then  be  admitted 
by  turning  the  cock  0,  through  the  pipe  r,  f,  into  the  large 
ciftern  e.  This  water  will  prefs  the  air  confined  in  tbeciftem  e^ 
up  the  air-pipe  nvj  Xy  and  will  force  the  fluid  out  of  the  cifterns 
g^  i,  /,  into  thofe  marked  h^  k^  and  C.*^At  the  fame  time,  by 
opening  B,  the  water  and  condenfed  air,  which  previoufly  eadftod 
in  the  large  ciftern  dy  and  in  the  fmaller  ones  marked^  o^  k,  will 
be  difcharged  at  B. — After  a  (hort  time,  the  water-halanccj 
^,  r,  J,  will  turn  the  cocks,  and  exclude.the  water,  while  it  opens 
the  oppofite  ones :  the  cifterns/,  £,  k,  are  emptied  in  their  turns 
by  the  condenfed  air  from  the  ciftern  dy  as  the  water  preset 
Cvely  enters  the  latter  from  the  pipe  by  c, 

8^  A  very  ingenibus  application  of  the  fame  principle  has 
been  made  in  the  celebrated  Hungarian  machine,  at  Chenmitz. 
The  beft  account  we  have  been  able  to  obtain  of  this  is  die  fol* 
lowing. 

In  ng.  3.  pi.  XVIII.  A  reprefents  the  fource  of  water  elevated 
136  feet  above  the  mouth  of  the  pit.  From  this  there  runs 
down  a  pipe  D  of  four  inches  diameter,  which  enters  the  top  of 
a  copper  cylinder  B,  8  i  feet  high,  J  feet  diairieter,  and  %  inches 
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tliicki  2XiA  teaciies  to  ^thm  4  inches  of  the  l)Qttom :  it  has  a 
cock  at  I.* 

This  cylinder  has  a  cock  at  Q9  dnd  a  very  large  otie  at  N* 
From  Its  top  proceeds  a  pipe  vEC  two  inches  in  diameter.  | 

.which  goes  96  feet  down  me  pit,  and  is  inferted  into  the  top  of 
another  brafs  cylinder  C*>  which  is  64:  feet  high,  4  feet  diameter^ 
and  two  inches  thick:  the  latter  containing  about  83  cubic  feet^ 
which  is  nearly  one  half  of  the  capacity  of  the  former,  viz. 
170  cubic  feet.  There  is  another  pipe  rO  of  4  inches  diame- 
tCTf  which  rifes  from  within  4  inches  of  the  bottom  of  this 
lower  cylinder,  is  foldei^ed  into  its  top,  and  rifes  to  the  trough 
Z  which  carries  oflT  the  water  from  the  mouth  of  the  p(t.  This 
lower  cylinder  communicates  at  the  bottom  with  the  water 
O,  which  collets  in  the  drains  of  the  mines.  A  large  cock 
P  ferves  to  exclude  or  admit  this  water :  another  <x>ck  M  at 
the  top  of  this  cylinder  communicates  with  the  external  air. 

Now,  fuppofe  the  cock  I  fhut,  and  all  the  reft  open :  the 
upper  cylinder  will  contain  air,  and  the  lower  cylinder  will  be 
filled  with  water,  becaufe  it  is  funk  fo  deep  that  its  top  is  below 
the  ufual  furfacc  of  the  mine-waters.  Shut  the  cocks  Q^  N, 
£Ij  P,  and  open  the  cock  I.  The  water  of  the  fource  A  muft  ' 
run  in  by  the  orifice  J,  and  rife  in  the  upper  cylinder,  com^ 
prefling  the  air  above  it  and  along  the  pipe  VECj  and  thus 
ading  on  the  fijrface  of  the  water  in  the  lower  cylinder.  It 
will  therefore  caufe  it  to  rife  ^dually  in  the  pipe  OF,  where  it 
will  always  be  of  fuch  a  height  that  its  wei^nt  balances  the 
elafticity  of  the  comprefled  air.  Suppofef  no  iflue  siven  to  th^ 
^ir  from  the  upper  cylinder,  it  would  be  cpmpreffed  into  one- 
fifth  of  its  bulk  by  the  column  of  1^6  feet  high  \  for  a  column 
of  34  feet  nearly  balances  the  orcunary  elafticity  of  the  air» 
.Therefore,  when  there  is  an  iflue  given  to  it  through  the  pipe 
VEC,  it  will  drive  the  con\prefled  air  aloxig  this  pipe,  and 
it  will  expel  water  from  the  lower  cylinder.  When  the  upper 
cylinder  is  full  of  water,  there  will  be  74  cubic  feet  of  water 
expelled  from  the  lower  cylinder.  If  the  pipe  OP  had  been 
more  than  136  feet  long,  the  water  would  have  rifen  .136  feet, 
being  then  in  equilibrio  with  the  water  in  the  feeding  pipe  X^ 
by  the  intervention  of  the  elaftic  air;  but  no  more  water  would 
have  been  expelled  from  the  lower  cylinder  than  what  6lls  thi« 
pipe.    But  the  pipe  being  only  96  feet  high,  the  water  will  bp    • 

*  In  the  figure  thefe  veflels  are  ir  form  of  parall^pipeds,  afid  there 

are  fome  pipes  and  cocks  which  are  not  referred  to  ts  this  defeription  s 

-but  this  happens,  becaufe  one  diagram  is  made  to  ferve  for  both  th^ 

original  machine,  and  Mr.  fiofwell's  improvements  mentioned  Uire<^l]f 

afier. 

r  2 
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^  ^tte^Wtt  out  at  Z  with  91  conCdetable  velocity.  If  it  were  t6t 
:^  the  gjreat  obftru^ioas  which  water  and  air  muft  meet  with 
in  tkeir  parage  along  pipcs^  it  would  illue  at  7*  with  a  velpci^ 
^  Qigre.  than  fifty  feet  per  fecond.  It  liTues  however  maw 
M0ti^  flowljri.and  at  laft  the  upper  cvlihder  is  full  of  w^t^r,  and 
the  water  would  enter  the  pipe  VE  and  enter  the  lower  cylln- 
jdj^Ti  and»  withoutdifplacingtheair  in  it^  would  rife  through  the 
:diicharging  pipe  OP^  and  run  off*  to  wafte.  To  prevent  this 
diei^e  1^1^  m  the  pipe  V£  a  cork  ball  or  double  cone,  by  a 
bcais  wire  which  i^  guided  by  holes  in  two  crofs  pieces  m  that 
pipe.  When  the  upper  cylinder  is  filled  with  water,  this*  cork 
plugs  up  the  orifice  Vj  and  no  water  is  wafted ;  the  influx  at  J 
DOW  flopa*  But  the  lower  cylinfler  contains  comprefled  air, 
which  would  balance  water  in  a  difcharging  pipe  136  feet  high, 
whereas  OP  is  only  96.  Therefore  the  water  will  continue  to  flow 
at  Z  till  the  air  has  fo  far  expat^ded  as  to  balance  only  95  feet  of 
water,  that  is,  till  It  occupies  one-half  of  its  ordinary  bulk,  that 
is,  one-fourth  of  the  capacity  of  .the  upper  cylinder,  or  42I  (liubic 
feet*  Therefore  42^:  cubic  feet  will  be  expelled,  and  the  ef!!ux 
at  Z  will  ceafe  ;  and  the  lower  cylinder  is  about  one-half  full  bf 
water*  When  the  attending  workman  obferves  this,  he  fhdts 
the  cock  h  He  might  have  done  this  before,  had  he  knoiii^n 
vhen  the  orifice  V  was  (topped ;  but  no  lofs  enfues  from  the 
delay.  At  the  fame  time  the  attendant  opens  the  cock  N  the 
water  iflues  with  great  violence,  being  prefTed  by  the  condcnfed 
air  ttom  the  )6wer  cylinder.  It  therefore  ifTues  with  the  fum 
of  its  own  weight  and  of  this  comprefTion.  .Thefe  gradually 
decreafe  together,  by  the  efHux  of  the  water  and  the  expansion 
of  the  air  i  ovst  tius  efHiuc  flops  before  all  the  water  has  Dov^ed 
out;  for  there  is  42^  feet  of  the  lower  cylinder  occupied  by 
air-  TbJa  quantity  of  water  remains,  therefore,  in  th^  upDer 
cvlsnder  nearly:   the  workman  knows  thisj  becaufe  the  dif« 

'  cmrged  water  is  received  firft  of  all  into  a  vefiel  containing 
diveerfourths  of  the  capacity  of  the  upper  cylinder.  When- 
ever this  is  .filled,  the  attendant  opens  the  cock  P  by  a  long 
rod  which  goes  down  the  fbaft ;  Uiis  allows  the  water  of  the 
mine  10  fill  the  lower  cylinder^  and  the  air  to  get  into  the  unper 

S Under,  which  permits  the  remaining  water  to  run  out  of  it. 
lus  every  thing  is  brought  into  its  firft  condition ;  and  when 
the  attendcuit  fees  no  more  water  come  out  at  N,.  he  fhtits  the 
tocks  N  and  M^  and  opens  the  cock  I,  and  the  operation  13^ re- 

,  Tbare  k  a  very  forpnfing  appearance  in  the  working  of  thb 
.engine.  When  the  efHux  at  Z  has  flopped,  if  the  cock  (JJ>^ 
■  bpenedt  the  water  and  air  tuih  out-  together  with  prodij^us 
<  violence^  and  the  df ops  of  water.afe  ^hanged.IiUQ  hail  pr  luhi^ 


Hyifaultc  Bnpnes.  |;i4 

of ic«.    Ith  a  (ight  ufuaby  Ifaown  to ftmngen,  wbttftrt deAwA 

to  Ibold  their  hats  to  receive  the  blafts  of  air :  the  ke  ipome^  XM% 
with  fuch  violence  as  frequently  to  pierce  the  hat-Kiec  a  ptftol 
bulletr  This,  rapid  congelation  is  a  remarkable  inftance  of  the 
general  h&y  tliat  air  by  fuddonly  expanding  generateii  cold,  its 
^capacity  for  heat  being  increafed. 

The  above  account  of  the  procedure  in  working  this  togui^ 
*  (hoA¥9  that  the  efflux  both  at  Z  and  N  becomes  very  fldw  neaf 
'  the  end.  It  is  found  convenient  therefore  not  to  wait  fof  the 
txunplete  difcharges,  but  to  turn  i^e  cocka  when  abput  ^  cubig 
feet  of  water  have  been  difcharged  at  Z :  more  work  is  4ooe 
in  this  way.  A  gentleman  of  great  accuracy  and  kho^ledge  of 
thefe  fubje^is  took  the  trouble  of  noticing  particulariy  the  pcr^* 
formance  of  the  machine.  He  obferved  that  each  ftroke,  as 
it  .may  be  called,  took  up  about  three  minutes  ahd  one««ightli  ; 
and  uiat  32  cubic  feet  of  water  were  difcharged  at  Z5  and  66 
were  expended  at  N.  The  expence  therefore  is  66  feet  of  wafer 
falling  1 36  feet,  and  the  performance  is  32  raifed  96,  and  th^  ar^ 

,  in.  the  proportion  of  66  x  134$  to  32  x  96,  or  of  i  to  0,3422,  or 
nearly  as^  to  !•  This  is  fuperior  to  the  performance  ot  t;he 
mofl:  per^6i  underfhot  mill,  even  when  all  frif^ion  and  irtegu* 

^  lar  obftrudions  are  negledied ;  and  is  not  much  inferior  to  any 
overlhot  pump-mill  that  has  yet  been  ereded*  WhA  we  re- 
^eS  on  the  great  obftm^iions  which  water  meets  with  in  its 
paiiage  through  long  pipes,  we  may  be  afTured  that;  by  doobling 
the  iizt  of  the  feeder  and  difcharger,  the  performance' of^  the 
machine  will  be  greatly  improved  ;-  we  do  not  hefitate  to  iay, 
that  it  would  be  mcreafed  one-third  :  it  is  true  that  it  will  ex^ 

]  pend  more  water;  but  this  will  not  be  nearly  in  the  fame jpro^ 

.  portion,  for  moft  of  the  deficiency  of  the  machine  arifes  mm 
the  needlefs  velocity  of  the  firft  efflux  at  Z.    The  difchaiqgcng 

r  pipe  ought  to  be  1 10  feet  high,  and  not  give  fenfibly  i^s  water. 
Then  it  muft  be  confidered  how  inferior  in  original  expence  ^s 
fimple  machine  muft  be  to  a  mill  of  any  kind  whidi  would  iraiife 
JO  cubic  feet  96  fe^t  high  in  a  minute,  and  how  fmall  the  re- 
pairs on  it  need  be,  when  popnpared  with  a  mill.  And,  laftly, 
let  it  be  notic^  that  fuch  a  machine  can  be  ufed  wheit  no  miU 
whatever  can  be  put  in  motion.  A  fmnll  ftresam  of  water,  which 
iwould  npt  move  any  kind  of  wheel,  will  here  raife  one^ird  of 
its  own  quantity  to  the  fame  height;  working  as  61ft  as  it  is  flip* 

plied  r  •      *     - 

For  thefe  reafons,  we  think  that  the  Hungarian  machine  emi* 
oei>tly  defenres  the  attention  of  mathematicians  and  ^engineers, 
to  bnng  it  to  it^  utmoft  perfedion,  and  into  general  ufe;  There 
9te  Ctuations  where  this  kind  of  macliine  may  be  very  ofefuL 
Thus,  Where  the  tide  riies  17  feet^  it  may  be  ufed  for  compre^ 
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Jhg  air  to  ferfii-elghths  of  its  Inilk ;  and  a  pipe  leacRng  from  4 

JTTj  large  refTel  inverted  in  it  may  be  ufcd  for  raifing  the  water 
rom  a  veffcl  of  onc-eijghth  of  its  capacity  17  feet  high  ;  or  if 
this  veflcl  has  only  onc-tcnth  of  the  capacity  of  the  large  one  fet 
in  the  tide-way,  two  pipes  may  be  led  from  it ;  one  into  the  fmaD 
vcffel,  and  the  other  into  an  equal  vcfTel  16  feet  higher,  which 
receives  the  water  from  the  firft.  Thus  onc-fixter nth  of  the 
water  may  be  raifed-  34  feet,  and  a  fmaller  quantity  to  a  ftill 
greater  height  5  and  this  with  a  kind  of  power  that  can  hardly 
be  applied  any  other  way.  Machines  of  this  kind  arc  dcfcribcd 
by  Schottus,  Sturmius,  Leupold,  and  other  old  waters;  and  they 
fliould  not  be  forgotten,  becaufe  opportunities  may  ofier  of 
inaking  them  highly  beneficial. 

9.  Mr.  John  Whitley  Bofwell  has  devifed  an  apparatus 
yhich  when  attached  to  fuch  a  machine  as  that  at  Chemnitz 
will  enable  it  to  work  itfelf  without  attendance.  The  defcrip- 
tion  of  this  will  be  prefented  to  the  reader  in  Mr.  Bofweirs  own 
yrords. 

Fig.  3.  pi.  XVm.  A  is  the  tefenroir,  or  upper  level  of  water. 

B,  a  chamber  made  of  fufficient  ftrength  to  bear  the  internal 
fereffute  of  a  column  of  water  tbe  height  of  A  above  it,  multiplied 
by  its  own  bafc. 

Cj  a  chamber  of  the  fame  ftrength  as  B,  but  of  a  fmaller  fizc ; 
it  is  placed  at  the  bottom  of  the  pit  from  which  the  water  is  to 
he  raifed,  and  under  the  level  of  the  water. 

Thefe  chambers  would  be  ftronget  with  the  fame  materials)  if 
pf  a  globular  or  cylindrical  form  ;  but  the  fquare  fhape  is  ufed 
in  the  drawing  merely  for  the  facility  of  reprefenting  the  pofitioq. 
qf  the  parts. 

D,  a  pipe  from  the  refervoif  A  which  paiTes  through  the  top 
of  B,  and  ends  near  its  bottom,  to  convey  water  from  A  to  B. 
•    E,  a  pipe  from  the  top  of  B  to  the  top  of  C,  to  convey  air 
from  BtoC, 

'  F,  a  pipe  from  the  bottom  of  C  to  the  level  of  the  ground  at 
the  top  br  the  pit,  to  Carry  off  the  water  from  the  pit. 

G,  a  jipc  from  the  bottom  of  B  to  carry  off  the  water  ftbm 
it.  *  *     ■    ■  ■ 

H,  a  yeffel  to  contain  the  water  ufed  in  working  the  cocks ;  it 
if  only  placed  on  the  top  of  B  to  favc  the  conftruction  of  a  ftand 
©n  purjMjfe  for  it. 

I,  a  cockj  or  moveable  valve  (worked  by  the  lever  there  re- 
prefented),  in  the  large  pipe  D. 

'  K,  a  flop-cock  in  the  fmall  pipe  ^hich  conveys  water  from*  D 
to  H'.  Its  ufc  is  to  taake  the  engine  work  fafter  or  flowery  by 
Jetting  water  more  or  lefs  quick  into  Hi  oi^to  Ifop  it  altogcth^ 
Jfrom  working'^  hen  rcquircdf 
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L,  a  moreable  valve,  or  cock  in  the  fmall  pi|p«  IJ^  The  l^rer 
vhich.  works  it  is  conne£ted  by  a  ftroQg  wire  wi(h.  the  levqr 
which  works  I,  and  is  balanced  by  a  weight  at  its  oppolite  ex- 
tremity»  fuihcient  to  open  both  thefe  cocks  and  fliut  IJ,  whea  not 
prevented  by  a  counter  weight. 

Ns  a  cock  in  the  pipe  G  to  open  and  fliut  it  as  wanted. 

O,  a  felf-moving  valve  in  the  pipe  F,  which  permits  the  water 
to  pa£i  upwards,  but  prevents  its  return. 

P,  a  felf-moving  valve  at  the  bottom  of  C,  which  permits  the 
water  to  pafs  into  C,  but  prevents  any  from  pai&ng  out  of  it; 
it  is  furniihed  with  a  grating,  to  prevent  dirt  getting  in. 

R,  a  vefTel  fufpended  from  the  levers  of  I  and  L,  capable  of 
containing  a  weight  of  water  fufficient  to  (hut  them. 

S,  a  veflel  fufpended  from  the  lever  of  N:  it  muft  contain 
ivater  enough  by  its  weight  to  open  N:  it  is  cpnneded  by  a 
chain  to  R>  to  keep  it  down  as  long  as  N  is  open. 

T,  a  fypbon  paffing  from  the  bottom  of  H,  near  its.  ujpper 
edge,  and  down  again  to  the  mouth  of  K. 

Vy  a  felf-moving  valve  of  a  fufficient  levity  to^rife,  when  the 
water  in  B  comes  up  to  it,  and  ciofe  the  pipe  £;  into  which  no 
-water  would  elfe  pafs  from  B,  A  ball-cock,  fuch  as  ufed  ia 
common  water  cifterns,  would  do  here. 

X,  afyphon  from  the  bottom  of  R  rifing  within  anindi  of  its 
top,  and  pafling  down  again  to  the  mouth  of  S. 

Y,  a  fmall  pipe  at  the  bottom  of  S:  this  may  have  a  ftop* 
cock  to  regulate  it,  which,  when  flopped,  will  alfo  ftop  tne 
engine. 

The  mode  of  this  engine^'s  working  is  as  follows:  fuppofe 
the  veflels  V,  H,  R,  and  S  empty  of  water,  and  the  cocl^  K 
and  Y  open,  and  the  veflel  C  full  of  water.  The  weight  on 
the  lever  of  L  will  then  open  the  cocks  L  and  I,  on  which  the 
water  from  A  wiU  flow  into  £  and  H.  As  the  water  rifes  in 
By  it  will  force  the  air  through*  £  into  C,  which  ftrongly  ptefi^ 
ing.on  the  water  in  C,  wiU  force  it  up  through  the  pipe  F,  till 
the  water  in  B  rifes  to  the  level  of  V  and  clofes  it,  at  which 
time  H  will  be  full  of  water  (the  quantity  flowing  in  being  fo 
regulate^  by  the  cock  K),  and  the  water  will  Sow  from  it 
through  the  fyphon  T  into  the  veflTel  R,  which  as  it  fills  fhuts 
the  cocks  I  and  L,  and  prevents  any  more  water  conyng  into 
B  and  H.  When  R  is  full,  the  virater  flows  through  its  fyphon 
X,  which  fills  S,  and  by  it  opens  N,  which  empties  B  of  water, 
and  keeps  N  open  as  long  as  there  is  any  water  in  H. 
»  When  H  is  empty,  B  wiU  be  fo  too  (being  fo  regulated  by  the 
cock  K],  on  which,  in  a  moment  or  tviiro,  K.  and  S  will  alio  be 
«mpty)  which  wiU  caufe  the  qqcks  I  and  L  to  ppeui  ^and  ^ 
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j^M4g9;mUi>^  ag^R  Bi'dieftate  firft  fuppaiftdy  for  arepcrittpp  of 

'  JkQ  iSkqp-.tbe  etigiiief  the  ^eodis  at  ;K  wnd  T  (houid  be  (hut, 
whito  S  aft-'fttlliof  5vaterv  To  fet  tt:i;voFkiiig|they  fliould  be 
«pen  ;-difd  this  is  all  the  attendance  *it  wiU  rcquirew  As  no  one 
Iwit .  an.  f^giaeer  ftould  attempt  to  conftru£fc  fucb  an  ta« 
'PM^  as  tM%«it  waa  ufcjofe  to  r^ptefest  the  manner  of  comi^fl- 
ing'the  pipeji  )>y.4>cbea  or  odterwtfe  ;^  or  the  proper  methods  of 
faftemng  .^1  dofing  the  parts,  which  are  all  well  known  to 
(iiob  a&  hf^ne  ttnado  this  art  their  ftudy.  Nichols  Journal^  4to. 
▼ol,  I.  .      . 

In  No.  {»  ^f  the  New  Series  of  NtchoUbn's  Journal,  Mr. 
Bofwell  ha#  .isMe  fome  further  improvements  in  the  applicatioii 
.  of  the  ^aafaaaD' machine. 

ipp .  .The  ^f fW  fwmp  is  a  iwry  curious  hydraulic  engine»  which 

,  ^^r^tcy  on  nearly  the  fame  pjrinciple.  as  the  Hungarian  ma- 

.^Wfie*  T)^e  fitft  engine  of  this  kind,  of  which  we  have  feen  any 

9<rP9ui^)^  was  invented  and  ereded  by  H.  Andreas  WirtZy  « 

-^iijip^^worker  of  Zurich,  at  a  dye-houfe  in  Limmat,  in  the 

wj^Mj  ,of  that  city.    It  confifts  of  a  hollow  cylinder)  like  a 

.  r^fWy  J^S^  griadftone,  turning  on  a  horizontal  axis,  and  partly 

plugged  in  a  ciftem  of  water.     The  axis  is  hollow  at  one  end, 

i^id  oooununicates  with  a  vertical  pipe.    This  cylinder  or  drum 

is  fqrmed  into  a  fpiral  canal}  by  a  plate  coiled  up  within  it 

.. .  like  the  main  fpring  of  a  watch  in  its  box;  only  the  fpires  at  a 

.  r4ii|s|Bce  fr^Hi  ^e^ch  othej,  fo  as  to  form  a  conduit  for  the  water 

\  /of  Jin(foc9i  wid^*    This  fpiral  partition  is  well  joined  to  the 

'  iW^.CQ^  of  ^%  cy^nder,  and  no  water  eicapes  between  diem. 

*The.oi||erj9Spt(;ftuniof  the  fpind  begins  to  widen  about  l^s  of 

a  c^pcumf^iieHc^  JTirom  the  end>  and  this  mdual  enlargement 

cpotinuef^  n<^,ly  ^f^intpircle»  this  part  being  called  the  horn: 

.it  chc».  wid^]^hfy^4(«Jiy»;.  forming  a  fcoop  or  (hovel.    The 

•/^Ipd^r  is.  jb.fdppQft^  that  this  ihovd  may^  in  the  courfe  of  a 

)>-ffptatj^i  dip  fevera)  iq^hes  into  the  water.    As  die  cylinder 

.^  jtfif^  lUpon  its  axi^irdite  fcoop  dips  and  takes  op  a  certain 

■  ,aujmtijy  :pf  water  before  it  emerges  again.    Tins  quantity  is 

|ij|[icieqf  to  fill  the  horn;   and  this  again. is  neariy  ecpial  in 

'  cap^ity  *to^  the.  ou termoil  uniform  fpiral  round.         •  }  >  . 

.^^ftef  tli^.fcQopJis  emerged, ^e  water  pafies'along  khe  fpiral 
^  ^^otiop  o^j  it, round  the  ao^s,  and  cbrives  the  ^'befeMi  it 
.iote^;Uie  rifing,pi|^^ii9here  itefc&pes.  Im^theiheim'tinle,  air 
txft^%  into  the  pnyiulb  pf  ^he- fcoop;  aad'nMfaaitii^'tfttMfip  stmn 
di)ii  into  th^-w^^l^,  if.ag^in  takes  in  fpam>f<lhalvfl«|4.  <^  l^us 
tiidre)}ecom^'%partfitkd  with  w«t»C|isuri'iai?pait}iilled  with 
.Vh  i(^<3^umwg.thiiinotk)n,a  fecond  aMd sit>(ifater. vriltbe 


fpiral  will  have  its  two  ends  on  a  levet;  and  th^  air  ^t^r^eil 
the  (bcceffiTe  cohnnns  of  ^irateriviil  be  in  ki  itettirfll  ftate}  for 
£iice  the  pafis^  into  the  rifing  pipe  or  main  ts  open»  (iler^'  is 
nothing  to  force  the  water  and  air  ftto  any  other  pofitkm* '  But 
ince  thic  fpires  giadoally  dimtsift  in  cheir  }en^!li»  it  is  |)liin 
that  the  column  of  water  will  gradually  occvipy  mem  and  more 
of  the  circumference  of  eadb.  At  laft  it  wilt  occupy  a  ^onipl^e 
turn  of  fome  fpire  diat  is  near  the  centre;  am  when  fent 
further  in  by  the  continuance  of  «he  tnotioM)  fMie  of  il  will 
run  back  over  the  top  of  the  fucceeding  fpire.    Thus  it  #iH 

'  'Vun  over  into  the  right-hand  fide  of  the  mird  fpire ;  and  confe* 
<|iiently  wiD  puflithe  water  of  this  fpire  baekurards,  and  raife 
its  other  end,  fo  that  it  will  likewife  run  o^er  backwards  b^hrt 

*  the  next  rotation  be  eompleted.  At  length  this  change  of 
idifpofition  will  reach  the  outermoft  fpire,  and  fome  vi^fer  wiO 
run  over  into  the  horn  an'd  fooop,  and  finally  into  tlie  ctfteni. 

But  as  foon  as  water  gets  into  the  rifing  pi]i<^,  and  tifea  a 
litde  into  it,  it  ftops  the  efcape  of  the  air  v^en  the  next  tcoop 
ef  water  is  taken  in.  Hence  there  are  then  two  colurfins  6f  water 
a£^ing  againft  each  other  by  hydroftatic  preflure,  and  tlie  iiiter^ 
"vening  column  of  air:  they  mull  comprefs  the  air  bet#«en 
them,  and  the  water  and  air  columns  will  now  be  unequal:  this 
will  have  a  general  tendency  to  keep  the  whole  water  back^ 
and  caufe  it  to  be  higher  on  the  left  or  rifing  fide  of  each  fpire 
than  on  the  right  or  defcending  fide:  the  excefs  of  height  being 
juft  fuch  as  produces  the  oompreffion  of  the  air  between  that 
and  the  preceding  column  of  Mrater.  This  wiH  go  on  increaf^ 
ing  as  the  water  mounts  in  the  rifing  pipe;  for  ttie  air  next  to 
the  rifing  pipe  is  comprefled  at  its  inner  end  witfi  the  weight 
of  the  whok  column  in  the  main:  and  it  tauft  be  as  much 
comprefled  at  its  outer  end,  which  muft  be  done  by  tbe  Water 

.  column  without  it;  and  this  c6lu«n  exerts  this  prdiUre  partly 
by  reafon  that  its  outer  end  i»«  high^  than  its  ihner  end,  ^d 
partly  by  the  tranfmiffion  of  the  prefliire  on  its  outer  '^d%y 
air,  which  is  fimilorly  compreffed  from  without.  Thus  It  will 
happen  that  each  column  of  water  being  higher  at  its  tmter 
than  at  its  inner  end,  compre&s  tiie  air  on  the  wsate  cdloinn 
'lieyond  or  within  it^  which  tranfmita  this  prefliire  to'  the  ^ir 
beyond  i^,  adding  to  it  the  preffiire  arifing  nrom  its  ownf  want 
of  level  at  the  end^  Confequendy,  the  gteateft  tovnprelEon, 
^z.  that  of  the  wnexf  the  main,  k  prodttced  by  the  JhiH  of^^all 
the  tranjmitimt prefunir.  and  thefe  are  the  fum  of  all  the  differ* 
ences  bettrecn^he  clonttiona  of  the  inner  ends  -of  the  water 
.telwams.  aboM  dmi  Mterends:  and  the  height  to  which  ^ 
Ivaier  will  fife  i^  die  auin  will  be  juft  equal  to  this  fum. 
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Si4)pofe  the  left-hand  fpaces  of  each  fpire  to  be  filled  with 
tnrater^  and  the  right-hand  fpaces  filled  with  air,  as  is  ihewn,  in 
regard  to  one  fpire,  in  fig*  3*  pi-  XVIL  Thiare  is  a  certain 
gradation  of  compreffion  which  will  keep  things  in  this  pofition : 
for  the  fpaces  manifeilly  decreafe  in  arithmetical  progiefiion; 
and  fo  do  the  hydroftatic  heights  and  prefiures:  if,  therefortt 
the  air  be  den£e  in  ihe  fame  progrefBon  all  will  be  in  hydroftatical 
equilibrium.  Now  this  may  obvioufly  be  produced  by  the 
mere  motion  of  the  machine;  for  fince  the  denfity  and  com- 
prefiion  in  each  air  column  is  fuppofed  inverfely  as  the  magni- 
tude of  the  column,  the  quantity  of  air  is  the  fame  in  all;  there- 
fore the  column  firlt  taken  in  will  pafs  gradually  inwards,  and 
tl^e  increafiug  compreilion  will  cau^e  it  to  occupy  precifely  the 
•whole  right-hand  of  every  fpire.  The  gradual  diminution  of 
the  water  columns  will  be  produced,  during  the  motion,  hy  the 
.water  running  over  backwards  at  the  top  from  fpire  to  fpire,  and 
ultimately  conaog  out  by  the  fcoop.  Since  the  hydroftatic 
lieight  of  each  water  cohunn  is  now  the  greateft  pofiible,  viz. 
.^le  diameter  of  the  fpire,  it  is  evident  tliat  this  difpofition  of 
the  air  and  water  will  raife  the  water  to  the  greateft  •  height. 
This  difpofition  may  be  obtained  thus;  let  CB  be  a  vertical 
.radius  of  the  wheel,  C  being  the  center,  and  B  the  higheft  point 
[the  figure  may  eafily  be  drawn];  upon  CB,take  CL  to  CB,  as 
,the  dtntuy  of  the  external  air  to  its  denfity  in  the.laft  column 
next  the  nfing  pipe  or  main;  that  is,  make  CL  to  CB  as  34  feet 
(the  height  of  the  column  of  water  which  balances  the  prefiure 
of  the  atmofphere),  to  the  fum  of  34  feet,. and  the  height  of  the, 
rifing  pipe:  then  divide  BL  into  fuch  a.  number  of  turns  that 
the  fum  of  their  equal  diameters  ihall  be  equal  to  the  height  of 
the  main ;  laiily,  bring  a  pipe  ftraight  from  L  to  the  centre  C. 
Such  is  the  cQnilru&ion  of  the.  fpiral  pump,  as  originally  in- 
vented by  VVinz:  it. certainly  indicates  very  cdnfiderable  mo* 
chanical  knowledge  and  fagacity. 

But  wiien  ^le  main  is  v^ry  high  this  conftru£lion  will  require 
either  n^i  enormous  dianieter  of  the  drum,  or  many  turns  of  a 
very  narrow  pipe.  In  fuch  cafes  it  will  be  much  better  to  make 
the  fpiral  in  the  form  of  a  corkfcrew,  than  of  this  fiat  form  like 
a  watch-fpri4ig.  The  pipe  which  forms  the  fpiral  may  be 
wrapped  round  the  fruftrum  of  a. cone,  whofe  greateft  diameter 
is  to  th«  lead  (which  is  next  to  the  rifing  pipe)  in  the  propoctioa 
.juib  affigned  to  CB  and  CL.  By  tliis  conftrudlion  the  vvater 
will  fo  itand  in  every  round  as  to  have  its  upoer  and  iQwer  &ir* 
faces  tangents  to  the  top  and  bottom  of  the  fpiral,  and  the 
•water  columns  will  occupy  the  whole  ^fcer^ing  (ide.of  the  ma* 
chine,  while  the  air  occupies  the  defceodifig.  fide.  Th^  form 
is  far  piruferabk  tQ  the  iaX  £0109;  it  wJM  allc^  iisi  to  ^Jgupl^f 
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»any  turns  of  a  large  pipe,  and  therefore  produce  a  great  eleva- 
tion of  a  large  quantity  of  water. 

The  fame  thing  wil!  be  ftill  better  accomp}i{hed  by  wrapping 
the  pipe  on  a  cylinder,  and  making  it  gradually  tapering  to  the 
end,  in  fuch  a  manner  that  the  contents  of  «ach  foire  may  be  the 
fslme  as  when  it  is  wrapped  TiS\ind  the  cone,  it  will  raife  the 
^erater  to  a  greater  height  (though  certainly  with  an  increafe  of 
the  impelling  power),  by  the  fame  number  of  fpires,  becaiife 
<he  vertical  or  preffing  height  of  each  colanm  is  greater. 

In  the  preceding  defcription  of  this  machine,  that  conftrac^ 
tion  has  been  chofen  which  made  its  principle  and  manner  of 
working  moft  evident^  namely,  that  which  contained  the  fame 
inaterial  quantity  of  air  in  each  turn  of  the  fpiral,  more  and  more 
compreiTed  as  it  approaches  to  the  rifing  pipe.  But  this  is  not 
the  beft  conftrudion:  for  we  fee  that  in  order  to  raife  water  to 
the  height  of  a  column  of  34  feet,  the  air  in  the  laftfptre  is 
comprcfled  into  half  its  fpace;  and  the  quantity  of  water  de- 
livered into  the  main  at  each  turn  is  but  half  what  was  received 
into  the  firft  fpire,the  reft*  flowing  back  from  fpire  to  fpire,  and 
being  difcharged  ?t  the  fpout. 

But  the  conftniftion  may  b6  fuch  that  the  quantity  of  water 
in  each  fpire  may  be  the  fame  that  IVas  received  into  the  firft; 
by  which  means  a  greater  quantity  (double  in  the  htftance  now 
gvren)  will  be  delivered  into  the  main,  and  r^rfed  *to  the  fame 
altitude  by  very  nearly  the  fame  force.  This  may  be  done  by 
another  proportion  of  the  capacity  of  the  fpires;  feither  by  a 
change  of  their  caliber,  or  of  the  diameters  of  the  folid  oti 
which  they  are  folded.  Suppof(  the  bore  to  be  uniform 
throughout,  the  diameters  muft  to  vary  that  the  conftant  cdumn 
of  water  arid  the  column  of  air,  comprefled  to  the  prbper  degree, 
may  occupy  the  whole  circumference.  Let  A  be  the  column 
of  water  which  balances  the  preffure,  and  H  the  height  to 
which  the  water  is  to  be  raifed.  Let  A  be  to  A  +  H  as  i  to 
m.  Then  it  is  plain  that  m  will  reprefent  the  deniity  of  the  air 
in  the  laft  fpire,  if  its  natural  denfity  be  r,  becaufe  it  is  prcffed 
by  the  column  A  +  H  while  the  common  air  is  prefftfd  by  A. 
Let  I  reprefent  the  conftant  water  column,  and  confequently 
it  will  be  nearly  equal  to  the  air  column  in  the  firft  fpire:  then 

the  whple  circumference  of  the  laft  fpire  muft  be  i  +  -i-,  in 
cnrder  to  hold  the  water  x,  and  to  comprefs  the  air  into  the  fpace 
JL  or  --^.  The  circtimfcrcnce  of  the  firft  fpire  is  i  +  i  or  2 : 
iind  if  D  and  </  be  die  (Kameters  of  the  firft  and  laft  fpires  we 
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■ 
*  ■  * 

JiaYC  t :  i  -f'-^ : : D :  if,  or  2  w :  m  +  t : :  D :  rf*    If,  diefeffsm,  s 

me  o(  uniform  bore  be  wrapped  round  a  conic  fruftruipj  of 
^iirhtck  I>  vni  d  lire  the  eiid  diameters^  the  fpirals  will  be  very 
iieaiiy  fadi-as  will  anfwcr  the  purpofe.  It  will  npt  be  quite 
wkzGtf  for  the  hiteraiediftte  fpinris  will  be  rather  too  large:  the 
conoidsl  fruftrum  Ihould  in  ftrid^iefs  be  fom^d  by  the  revoln- 
tion  of  a  logarithmic  curve*  With  fuck  a  fptral  the  fuH  qu9nti^ 
of  water  wUch  waa  confined  in  the  firft  fpire  will  find  room  in 
the  laft«  and  wiU  be  ient  into  (he  main  at  every  rotation.  This 
is  a  very  great  advantaeCt  efpecially  when  the  water  i»  to  be 
much  raifed.  7  he  favmg  of  pOwer  by  this  change  of  con-* 
ftrudioo  is  always  proportional  to  the  greateft  comprefTion  of 
the  air.  .  , 

The  chief  difEculty  in  any  of  thefe  forms  is  in  determining 
the  form  and  pofition  of  the  horn  and  die  fcoop^  yet  on  this 
the  performance  of  the  machine  greatly  depends.  I'he  fallow- 
ing inftrudiions  will  render  this  tolerably  eafy.  Let  ABED 
(fig.  3*  pi.  XVII.)  leprefent  the  firft  or  outermoft  fpire,  of 
which  the  axis  is  C.  Suppofe  the  machine  immerged  up  to  the 
aijs  in  the  water  whofe  furfaoe  is  V V :  it  has  been  feen  that  it 
is  iaoft  effie&ive  when  the  furfaces  KB  and  O  ;i  of  the  water 
cohimns  are  diftant  from  each  other  the  whole  diameter 
BO  of  the  fpire.    Let  therefore  the  pipe  be  firft  conceived  of 

•^cqual  caliber  to  the  very  mouth  £  f,  which  we  fuppofe  to  be 
juft  about  to  dip  into  the  water:  the  furface  0;i  is  kept  there 

1  idot)pafitbn  to  the  prefliire  of  tlie  water  column  BAO  by  the 
compre&d  air  contained  iq  the  quadnxnt  OE^  and  in  the  jjua* 

*  4rant  which  lies  behind  £B :  and  this  compreflion  is  fupported 

•  hf  the. columns  behind,  between  this  fpire  and  the  rifiss  pipe, 
JraMlie  air  in  the  outermoft  quadrant  £B  is  in  its  natimr^  ftate, 

.  ^becaufe  it  as  yet  communicates  with  the  external  air*  Wh^iH 
howeiel't  the  mouth  £  c  has  come  round  to  Ai  it  will  not  b#ive 

'  the  water*  ftanding  in  it  in  the  fame  manner,  leaving  thfe  h^ 
ijfnce  B£0  filled  with  eomprefled  air^  for  it  took  in  and  qm- 
fined  only  what  filled  the  quadrant  BE.    It  is  obvious,  theire^p 

;  fore,  that  the  quadrant  BE  muft  be  fo  ihaped  as  to  take  in  and 

:  xonfine  a  much  greater  quantity  of  ain  fo  that  when  it.has.camc 
to  A,  the  fpace  BEO  may  contain  air  fufficiently  denfc  to  fup- 
port  the  column  AO«*    But  this  is  not  enough:  for  wlum  the 

.  wide  mouth  now  at  A  a  rifes  up  to  die  top,  the  furface  of  the 
water  iil  k  rifes  alfo,  beeaufe  too  part  AO  o^a  is  mpre  osipaci* 
ous  than  the  part  of  uniform  bore  0£  ^  «  that  (ucceeds  it^  and 
that  cannpt  xcmtain  all  the  water  which  it  previoufly  heid» 
Since  then  the  water  in  the  fpire  rifes  above  A,  it  will  prefs  the 
water  back  from  O  ;i  to  fome  other  pofidon  ni  n\  and  ^f 
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prcfling  hpigKt  of  the  water  column  will  be  diminjiflied  by  this 
nltngoR  the  other  fide  of  p^.  IJenc^e  it  will  appear  that  the 
liorn  muft  begin  to  widen,  not  from  B,  hut  from  A,  and 
inuft "occupy  the  whole  feniicircte  ABE;  while  its  <^apacitf 
inutl  be  to  the  capacity  of  the  oppofite  fide  of  unaforrti'bbre  as 
ithe  fum  of  BO  and  the  height  of  a  column  of  water  which 
balances  the  atmofpherc  to  the  height  of  that  column:  far 
then  the  air  which  filled  it  wlien  of  the  common  denfity  will 
fill  the  uniform  fide  BEO,  when  comprefled  fo  a$  to  balance 
the  vertical  column  BO.  But  even  this  is  not  fuffiJEnentt  for  it 
'has  not  taken  water  enough.  When  it  dipped  intb  die.ciftem 
at  E  it  carried  air  down  with  it)  and  the  preflure  of  the  water 
in  the  ciftem  caufed  that  fluid  to  rife  into  it  a  little  way;  and 
fome  water  muft  have  come  over  at  B  from  the  other  fide^ 
which  was  drawing  narrower.  When,  therefore,  the  horn  is 
!n  the  pofition  EOA  it  is  not  full  of  water:   confequently, 

'when  it  comes  into  the  fituatiori  OAB  it  cannot  be -full,  ijor 
^an  it  balance  the  air  on  the  oppofite  fide.  Hence  fome  will 
come  out  at  O,  and  rife  up  through  the  water.  'Flic  horn 
muft  therefore  extend  at  leaft  from  O  to  B,  or  occupy  half  the 
circumference;  and  it  muft  contain  at  leaft  twice  as  much 
water  as  would  fill  the  fide  BEO.  Nay,  if  it  be  much  laifl^y 
there  may  be  no  difadvantage;  becaufe  thefurpl^  of  ait  which 
It  takes  in  at  E  will  be  difcharged  as  the  end  E  ^  of  the  liovn 
rifes  from  O  to  B,  and  it  will  leave  the  precife  tjnantity  that  is 
wanted.  Tlie  overplus  water  will  be  difcharged  as  the  horn 
comes  rOund  to  dip  again  into  the  ciftem.    .  i      • 

We  muft  alfo  fccure  the  proper  quantity  of  \vater.  Whca 
th«  machine  is  fo  much  immerfed  as  to  be  up  to  ksrsu^  in 
water,  the  capacfty  which  thus  fecures  the  proper  <{uadiky' of 
air  will  alfo  take  in  the  proper  qtiantity  of  water.  But  ft  uAj 
l)e  ereSed  fp  as  that  the  fpirals  .(hall  not  even  reach  th«  wottr: 

'  and  in  this  cafe  it  will  anfwer  the  purpofe  if  a  feoop  <of  flx>vel 
be  joined  to  the  horn,  and  (b  formed  as  to  take  in  at  leaft  as  much 
water  as wiH  fiUthe  horn.    This  is  all  that  ts  vented  in  Ae 

■'beginning  of  the  motion  along  the  fpiral,  and  more  than  is 
neceffary  when  the  water  has  advanced  to  theiuceeedmgfpire; 
but  the  overplus  is  difcharged  in  the  way  juft  motioned*  The 
fcoop,  it  fhould  be  obferved,  muft  be  veiy  open  onthe  fidie  n^xt 
the  axis,  that  ic  may  not  confine  the  air  as  it  enters  the  wat^; 

*  for  this  would  hinder  It  from  receiving  enough  of  that€uid. 

As  in  example  Mre  .fhall  give  the  dimen irons  of  a  machine 

ereded  at  Korenosi  whoCc  performance  correfpondied  extremely 

Well  wWi  Ac'  theory.    TTie  fpiral  is  formed  on  a  cylinder  of  lo 

feet  diameter^  and  the  diameter  of  the  pipe  is  6  inches.    The 
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ioialler  eoi  of  the  horn  is  of  the  fame  diameter;  it  oectxpies  i 
of  the  circumference,  and  is  7*8  inches  wide  at  the  outer  enot 
here  it  joins  the  fcoop^  which  lifts  as  much  water  as  fills  th^ 
horn>  which  contains  4340  Swedifh  cubic  inches^  each  =  i*STt 
Engliiln  The  machine  makes  6  revolutions  in  a  minute,  and 
taifes  1354  pounds  of  water,  or  22  cubic  feet,  10  feet  high  iit 
9,  minute.  Thus  it  raifes  more  tlian  44^hs  of  what  the  theory 
would  lead  us  to  expeft,  and  yet  it  is  not  pcrftft;  for  the  fpiral 
is  thiroughout  of  equal  caliber,  and  is  formed  on  a  cylinder 
in(lead  of  a  conoid. 

In  this  machine  the  fri£lion  is  fo  inconliderable  that  it  neei 
not  be  mended :  but  the  great  e](cellency  is,  that  whatever  im* 
perfecSlions  there  may  be  in  the  arrangement  of  the  air  and 
water  columns,  it  only  affe^is  the  elegance  of  the  execution, 
caufing  the  water  to  make  a  few  more  turns  in  the  fpiral  before 
it  c^n  mount  to  the  required  height;  but  it  waftes  no  power, 
faecaufe  the  power  employed  is  always  -in  proportion  to  the  &m 
of  the  vertical  columns  of  water  in  the  rifing  fide  of  the  ma- 
chine^  and  the  altitude  to  which  the  water  is  raifed  by  it  is  in 
the  very  fame  proportion.  The  machine  ihould  be  made  to  move 
very 'flow,  that  the  water  be  not  always  dragged  up  by  the  pipes^ 
whiph  would  caufe  more  to  run  over  from  each  column  and  dir 
fninifh  the  prefTure  of  the  remainder.  If  the  rifing  pipe  be.  made 
wide,  and  thus  room  be  made  for  the  air  to  efcape  freely  up-  ' 
wards  through  the  water,  it  will  rife  to  the  height  alBgned;  bu^ 
if  the  pipe  be  narrow,  fo  that  the  air  cannot  rife  freely,  it  rifes  ' 
almoft  as  flowly  as  the  water ;  and  by  this  circumftance  the  water 
mixed  with,  the  air  is  raifed  to  a  much  greater  height,  and  this 
with. hardly  any  augmentation  of  the  power.  Thus  it  is  thi^t 
the  great  performance  of  the  Florentine  machine  (which  is 
almoft  triple  what  a  man  can  do  with  the  beft  conftru£ted 
pump)  is  accounted  for.  LafUy,  we  may  obfervc  that  the 
entrance  into  the  rifing  pipe  (hould  be  no  wider  than  the  laft 
part  of  the  fpiral;  and  it  would  be  advifeable  to  divide  it  into 
four  channels  by  a  thin  partition,  and  then  to  make  the  rifiiig 
pipe  very  wide,  and  to  put  into  it  a  number  of  Sender  rods, 
which  would  divide  it  into  feveral  flcnder  channels  that  would 
fcrve  completely  to  entangle  the  air  among  the  water:  this  pro* 
cedure  will  greatly  increafe  the  heights  to  which  the  heterogene- 
ous column  may  be  carried. 

We  carneftly  recommend  the  application  and  improvement 
of  this  machine  to  practical  engineers:  the  principles  on  which 
its  theory  depends  are  confeifedly  intricate;  but  when  judici- 
oufly  conftrucled  it  is  very  powerful  and  effecbivc'  in  its  opera^ 
tions;  on  which  accounts  we  are  forry  that  hitherto  it  has  not. 
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»$  far  as'tpe  leooUed,  beetidefcrjbed  ia  more  f})lfi  two  BfitMi 
works,  the  TranJaSions  of  the  Scciiiy  rfjffts,  £01.17769  aad  tha 
Encychpadia  Britanmca. 

II.  I>e£aguliets  defcribes,  in  jdie  fecond  volume  of  his  £x« 
fterimental  Pbilofophy,  ai  very  fimple  contrivance  to  raife  water* 
wJbich  is  this:  to  one  end  of  a  rope  is  fixed  a  large  bucket^ 
haviBg.  a  valve  at  its  bottom,  opening  upvirardsi  to  the  olhev 
end  is  ^aliened  a  fquare  frame,  and  the  cord  is  made  to  pafs 
over  two  pulleys,  each  of  ^ut  15  inches  diameter  (and  fixed 
in  a  horizontal  plane),  in  fuch  manner  that  as  the  bucket  de* 
fbeods  .the  frame  ^fcends  with  equal'  velocity,  and  Hnce  verfa. 
The  frame  is  made  to  run  freely  upon  4  vertical  iron  guide<* 
rods  paffing  through  holes  at  its  four  corners:  and  when«the 
bucket  is  filling  with  wat^  at  the  well,  the  frame  (lands  at  the 
horizontal  plane  to  which  the  water  is  to  be  raifed:  when  the 
bucket  is  full  a  man  ftrps  upon  the  frame  (his  weightr  together 
with  that  of  the  frame,  exceeding  the  weight  of  the  veflel  and 
its  contained  water),;  this  gives  an  afcending  motion  to  the 
bucket,  and  caufes  the  valve  in  its  bottom  to  clofe.  When  the 
bucket  is  raifed  to  the  proper  height  a  hook  fixed  there  catcher 
into  a  hafp  at  the  fide  of  me  bucket,  turns  it  over,  and  caufes  it 
to  etppty  Its  water  into  a  trough  which  conveys  it  where  it  is  ' 
required:  at' this  time  the  man  and  the  defcending  frame  have 
arrived  at  a  platform  which  prevents  their  further  defcent* 
where  the  man  remains  till  he  fiqds  the  bucket  above  is  empty* 
when  he  fteps  from  the  frame,  and  runs  up  a  flight  of  flairs  to 
the  place  from  which  he  defcended:  the  oucket  in  the  mean 
while,  being  fomewhat  heavier  than  the  frame,  defcends  to  th^ 
water,  and  raifes  the  frame  to  its  original  pofition.  Thus  the 
work  is  continued,  the  man  being  at  red  during  his  defcent,  and 
labouring  in  the  afcent* 

Defaguliers  employed  in  this  kind  of  work  a  '^  taxfern  drawer,^ 
who  weighed  160  lbs.  whom  he  defired  to  go  up  and  down  40 
fteps  of  6jf  inches  each  (in  all  about  22  feet)  at  the  fame  rate  be 
would  go  up  and  down  all  day.  He  went  up  and  down  twice 
in  a  minute:  fo  that  allowing  the  bucket  wit!}  a  quarter  of  a 
hog(head  in  it  to  weigh  140  lbs*  he  is  able  tq  raife  it  up 
through  22  feet  twice  in  a  minute:  this  Defaguliers  eftimates 
as  equivalent  to  a  whole  hogdiead  raifed  11  feet  in  a  minute; 
and  ratlier  exceeds  what  he  lias  alGgued  as  a  maximum  of 
hunian  exenlon. 

This  machine  is  in  many  cafes  not  only  the  moft  Cmple,  but 
the  b/Jl  that  can  be  devifed ;  yet  it  is  one  that  without  due 
precautions  is  likely  to  be  a  very  bad  one.  The  frame  on 
which  the  n^an  fteps  muft  be  brought  up.  to  its  place  again  by 
9  prepoaderaacy  in  the  machine  when  unloaded:  it  ihould  arrive 
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precifel J  dt  die  fiime  timc^  with  the  man ;  but  it  may  amte  - 
{boner  ot  hter.  If  fooneii  It  is  of  no  ufe,  and  waftes  power  in' 
raifing  a  counterpoife  which  is  tieedlefsly  heavy,  or  in  fa£t  Itb 
water  is  elevated  than  the  man  is  able  to  elevate;  if  later,. there 
is  a  k>fs  of  time.  Hence  the  perfe&ion  of  this  truly  fimple  ma* 
diine  requires  the  judicious  combination  of  two  maximums, 
each  of  which  varies  in  a  ratio  compounded  of  two  other 
ratios.  It  will  not  be  difHcult,  however,  to  adjuil  the  propor* 
dons  of  the  weight  of  the  bucket  and  that  of  the  frame:  for  if 
B  denote  the  weight  of  the  bucket,  F  that  of  the  frame,  and  f 
Ae  force  neceflary  to  overcome  the  fri£tion  and  the  inertia  of 
the  pulleys,^  denoting  32  j-  feet,  /  the  time  occupied  in  walking 
up  me  fteps^  and  /  the  fpace  afcended  or  deficended,  then  muft 
B  and  F  be  fo  adjufted  as  to  fatisfy  the  following  equation^  viz* 

12.  If  there  be  a  fpring  affording  but  a  fmall  quantity  of 
water,  or  having  but  a  fmall  fall,  it  is  poffible  by  the  lofe  of 
fbme  of  the  water  to  raife  the  reft  to  fupply  a  gentleman's  feat, 
or  any  place  where  it  is  wanted;  but  in  a  lefs  quantity' than 
what  runs  wafte,  if  the  place  to  which  the  water  is  to  be  raifed 
is  higher  than  the  fpring  or  refervoir  from  which  the  water 
falls.  Schottus  long  ago  contrived  an  engine  for  this*  purpofe? 
but  the  firft  who  put  fuch  a  thing  in  execution  was  Gironima 
Finugioy  at  Rome,  in  1616;  and  the  iirft  in  this  country  was 
George  GerveSy  a  carpenter,  who,  in  the  year  17259  ereAed  an 
engine  called  the  Multiplying-wheel  Bucket-engine,  at  the  feat 
of  Sir  John  Chefter,  at  Chichley,  in  Buckinghamihire.  I'his 
engine  was  much  approved  by  Sir  Ifaac  Newton,  Dr.  De&guliers, 
and  Mr.  Beighton,  and  was  certainly  very  ingenious.  The 
water  from  a  fpring  defcendedin  a  large  bucket  hanging  by  a  cord 
from  an  axle,  while  a  fmaller  quantity  was  raifed  from  the  fame 
place  by  a  cord  hanging  from  a  wheel  on  the  fame  axle :  a  fly 
and  other  regulating  apparatus  were  added,  to  make  the  en« 
gine  work  itfelf,  which  it  did  for  many  years  without  being  out 
of  order.  As  a  whole,  however,  the  contrivance  is  complex ; 
and  we  are  not  aware  that  any  other  engines  of  the  fame  kind 
have  been  ere^led.  A  defcription,  with  a  plate,  may  be  feen  ia 
DcTaguliers's  fecond  volume. 

Mr.  H.  Sarjeanty  of  Whitehaven,  contrived  a  very  cheaf 
engine  for  i^ifing  water,  for  which  the  Society  for  the  En- 
couragement of  Arts  awarded  him  a  Giver  medal  in  die  year 
1801.  A  fketdi  of  this  fimple-  invention  is  given  in  fig.  a# 
pi.  XIX. 

This  engine  was  ere£^ed  at  Irton-hall,  which  is  fituated  oa 
an  afcent  of  6g  or  61  feet  perpendicular  height;  at  th»  foot  of 
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this  elevation,  about  140  yards  difliant  from  the  offices,  thfcre 
runs  a  fma]l  ftream  of  'water ;  and,  in  order  to  procure  a  con-i 
ftant  fupply  of  that  neceifary  fluid,  the  objed  was  to  raife  fdch 
ftream  to  the  houfe  for  culinary  and  domeftic  ufes.  With 
this  view,  a  dam  was  formed  at  a  ihort  diftancc  above  the 
current,  fo  as  to  caufe  a  fall  of  about  four  feet :  thd  water  was 
then  conduced  through  a  wooden  trough,  intp  whicha,  piece 
of  leaden  pipe,  two  inches  in  diameter,  ^as  infcrted,  and  part 
of  which  is  delineated  at  A. 

The  ftream  of  this  pipe  is  direded  in  fuch  a  manner  as  to 
run  into  the  bucket  B,  when  the  latter  is  elevated  j  but,  as 
foon  as  it  begins  to  dcfcend,  the  ftream  paffes  over  it,  and  flows 
progreffivcly  to  fupply  the  wooden  trough  or  well,  at  the  foot 
of  which  ftands  the  forcing-pump  C,  being  three  inches  id 
diameten 

D  is  an  iron  cylinder  attached  to  the  pump-rod,  which 
paflfes  throneh  it:  luch  cylinder  is  filled  With  lead,  and  weighs 
about  240  lbs*  ^rhis  power  works  the  pump,  and  forces  tlie 
water  to  afcend  to  the  houfe  through  a  pipe  one  inch  ih  di* 
ameter,  and  which  is  420  feet  in  length. 

At  £  is  fixed  a  cord,  which,  when  the  bucket  approaches  to* 
within  four  or  five  inches  of  its  loweft  projeAion,  extends,  and 
opens  a  valve  in  the  bottom  of  the  veflel  through  which  the 
water  is  difcharged. 

An  engine  in  a  great  degree  fimilar  to  this  was  ereded  fome 
years  dgo  by  the  late  James  Spedding,  efq.  for  a  lead  mine  near 
Kefwick,  with  the  addition  of  a  fmaller  bucket  which  emptied 
itfelf  into  the  larger  near  the  beginning  of  its  defcent,  without 
which  addition  it  was  found  that  the  beam  only  acquired  a 
libratory  motion,  without  making  a  full  and  eflFe&ive  ftroke. 

To  anfwer  this  purpbfe  in  a  more  fimple  way,  Mr.  Sarjeant 
conftru£led  the  fmall  engine  in  fuch  manner  as  to  finifli  its 
ftroke  (fpeaking  of  the  bucket  end)  when  the  beam  comes  into 
an  horizontal  pofition,  or  a  little  below  it.  By  this  means  the 
lever  is  virtually  lengthened  in  its  defcent  in  the  proportion  of 
the  radius  to  the  cofme,  of  about  thirty  degrees,  or  as  feven  to 
fix  nearly,  and  confequently  its  power  is  increafed  in  an  equal 
proportion. 

It  is  evident,  that  the  opening  of  thtf  valve  might  have  been 
efl[e£ked,  perhaps  better,  by  a  projecting  pin  at  the  bottom;  but 
Mr*  S.  chofe  to  give  an  exa£l  defcription  of  the  eftgine  as  it 
ftands.  It  has  now  been  fome  years  in  ufe,  and  completely 
mnfwers  the  purpofe  intended. 

The  only  artificers  employed,  except  the  plumber,  were  a 
country  blackfmith  and  carpenter;  and  the  whole  Coft>  exclafivt 
of  the  pump  and  pipeSi  did  not  amount  to  5;^*.  . 
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jIh  a  letter,  dbted  WhitehaYeii»  April  l8,  i8bi,  Mr.  &i]eant 
•UerveSf  that  the^ump  requires  about  eighteen  gallons  of  water 
in  the  backet  to  raife  the  counter-weight,  and  makf  a  frefli 
i^f  ohe  in-  the  pump  i  but  it  makes  three  ftrd^es  in  a  minister 
«m1  givet  about  a  half-gallon  into  the  ciftem  at  each  ftroke* 
Me  adds,  **  I  (peak  of  what  it  did  in  the  drieft  part  of  hA 
fioeminer;  when  it  fupplied  a  large  family,  together  with  work« 
people,  &€.  with  water  for  all  purpofes,  in  a  Ctuation  whert 
none  was  t9  be  had  before,  except  fome  bad  water  from  a  com* 
mott  pwnp  which  has  been  fince  remored.  But  the  above 
iopplj.  being  more  than  fuffictent,  the  machine  is  occafionaliy 
ftopped  to  prerent  wear,  which  is  done  by  merely  cafting  oaf 
the  ftring  of  the  backet  valve.*'  n 

4.  13.  Mr.  Brff/amin  Dearb»rn^  whofe  (imple  fire*engine  has 
aheady  been  mentioned,  has  r  contrived  an  hydraulic  engintf^ 
^fhich  may  be  conveniently  added  to  a  common  pump,  and  tliunre* 
hj  renders  it  .iifeful  io  fiirther  elevating  water,  and  particularly 
in  cxtinguiihing  fires:  the  following  deu:ription  of  his  apparatus 
iiiSxtrapGed  faoai  the  Metmn  rfibe  American  Academj, 

Plate  XIX.  fig.  7,  A»  B,  C,  J),  reprefents  a  pump,  the  form 
•{  vi^ck  is  fimihr  to  that  oC  the  punqps  commonly  employed  on 
^p-board. 

£,  the  i^ut. 

F,  a  ftopper. 

D,  J,  a  piank-cap»  ^t  is  fitted  to  the  pump,  and  provided 
with  leather  on  its  lower  furface;  being  fecureil  by  the  fcrews 
#,^:  in  tKe  centre  is  a  hole,  through  which  the  Ipear  of  the 
pump  pafles,  and  round  which  a  leather  collar  i»  made,  as  res* 
prefented  at  the  letter  c. 

gf  a  nut  for  the  fcrew  k 

j^  a  fquare  piece  of  wood  that  is  nailed  acrofs  one  end  of  the 
plank-cap,  thorough  both  which  the  fcrew  a  is  introduced:  a 
hole  is  made  through  fuch  piece  and  the  cap,  that  communicatca 
witli  the  bore  of  the  pump. 

G,  G,  a  wooden  tube,  which  may  be  of  any  requifite  fcngdi^ 
md  confift  of  any  number  of  joint3:  it  is  made  fquare  at  the 
lower  extremity,  and  perforated  for  the  reception  of  the  cock ; 
the  upper  end  being  made  with  a  nice  (houlder. 

^,  a  wooden  cock  that  opens  or  ibuts  the  communication  be* 
tween  the  pump  and  the  tube;  being  furnifhed  on  the  ^polite 
fide. with  a  handle  and  with  a  lock,  in  cafe  it  ihould  be  founcl 
jieceflary. 

bf  by  are  two  ferules,  the  obje£k  of  whidi  is  to  prevent  ibm 
tube  from  fplitting. 

.  H,  H,  braces,  each  of  which  ought  to  be  cnBki  over  as» 
ethei^  as  neaulj  at  jight^anglcs  as^p^QBbk^  r 
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iy  i,  are  iffons  lb  form  of  a  ftaple>  which  furfoviul  the-  tvh^f 
«nd  pafs  through  the  braces}  their  ends  being  perforated .iri4l 
holes  for  fore-locks. 

.  .KyL,  M,N,isahead  made  of  five  pieces  of  vood;  i,J,m,f9p 
a  fquare  piece^  in  the  lower  part  of  wluch  is  a  hok  for  tbt 
reception  of  the  extremity  of  uie  tube,  and  which  piece  refts  on 
the  flioukler  &,  pj  to  the  lower  end  of  this  head  is  nailed  a  piece 
of  leather,  with  a  hole  in  its  centre,  fimSar  to  that  made  in  the 
wood.  Another  piepe  of  leather  of  the  fame  form  is  placed  m 
the  top  of  the  tube,  and  between  both  is  a  circle  of  tlHn.plateN> 
hrais  $  the  two  pieced  of  leather  and  the  btafs  being  preffbft 
hfetween  the  lower  end  of  the  l^cad  and  the  ibouldor  of  the 
tube.    Their  edges  ere^  delineated  at  Ofp* 

K,  N,and  L,  M,  are  the  edges  of  two  pieces  of  phnk^  of  a 
fimilar  width  with  the  head,  to  which  they  are  cloteiy  nailedf 
each  being  provided  with  a  teootti  that  pafies  chrongh  a  mortice 
in  the  ei^  of  the  piece  O,  P:  both  tenons  have  liolies  for  d 
fere4ock  at  ^. 

O,  P,  a  piece  of  plank  of  the  fame  widdi  M  i1m^  fides;  lb$ 
centre  of  which  is  perforated,  in  order  that  the 'tube  mar  paft 
through;  :md  in  each  end  of  which  is  a  mortiGe  for  ttc  seP 
ception  of  the  tenons. 

N,  M,  a  cap. 

r,  r,  are  two  pieces  nailed  to  the  fi(|e  of  the  tube;  the  lotlrer 
extremity  of  each  is  provided  with  a  truck,  with  a  view  te 
leflen  the  friction  of  the  head  in  its  horizontal  revolution. 

^,  qt  reprefent  fore-locks,  the  defign  of  which  is  to  faften 
down  the  head,  and  prevent  the  water  from  efcaping  at  the 
joint  Of  p. 

Q^  R,  is  a  wooden  conductor;  the  extremity  marked  vrath 
the  letter  Q^  being  folid,  while  the  oppofite  end,  R,  is  bored 
with  a  fmali  auger. 

/,  a  bolt  that  pafies  through  the  conductor  and  headi  and  beinff 
fecured  on  the  back  with  a  fore*lock  or  nut:  this  b<dt  is  rounded 
near  the  head,  and  fquare  in  the  middle. 

ty  Uf  'Wy  AT,  reprefents  ^  piece  of  iron  or  brafs,  deiigned  te 
prevent  the  head  of  the  bolt  from  wearing  into  the  wood* 

S,  S,  m-e  ropes  for  the  direction  of  the  condudorw 

Fig.  ft.  reprefents  the  head  without  fnch  condudor. 

«,  i,  r,  Jf  is  a  thick  brafs  plate,  the  centre  of  which  is  perform 
atfHiy  fo  as  to  admit  a  paflage  to  impurities,  that  might  ocber» 
wife  ebftruA  the  condu^lor:  for  which  purpofe  a  piece  of 
le&ther  is  nailed  under  it  to  the  head.  The  fq'uare  hole  m  the 
centre  is  adapted  to  the  fize  of  the  bolt,  which  it  pirvents  from 
turnings  The  conductor  has  a  hollow  cut  round  the  bolt  on 
idle  infide,  of  the  iame  fiae  as  the  circle  of  hekt  ia  the  ixielas 
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rou^nd  (uch  cavity  is  nailed,  on  the  face  of  the  condu^^or,  ft 
piece  of  leather,  that  phys  on  th^  inargin  of  the  brafs-plat£ 
when  the  conduftor  is  in  motion. 

In  the  concUifion  of  his  Memoir,  Mr.  Dearborn  obfervcs, 
that  he  has  raifed  a  tube  of  3b  feet  on  his  pump^  and,  though 
the  fcverity  of  the  feafon  had  prevented  him  from  completing 
it,  fo  that  one  perfon  only  could  work  at  the  brake,  yet  he  is 
enabled  to  throw  water  on  a  contiguous  building,  the  neareft 
part  of  which  is  37  feet  from  the  pump,  and  between  30  and 
40  feet  in  height. 

,  14.  It  will  be  eXpefted  that  fohie  notice  fhould  be  taken  in 
this  place  of  two  celebrated  hydraulic  engines,  viz.  the  'abater-' 
works  at  London- trUgey  and  thofe  at  Mhrly,  Of  thefc,  the 
former  has  been  fo  often  defcribed  in  welKknown  Englifli 
works,  that  a  minute  defcriptibn  appears  quite  unneceffary: 
the  latter  will  be  briefly  defcribed  under  the  article  Marly  in 
this  volume.  Other  contrivances  for  raifing  water,  fuch  as  the 
centrifugal  machine^  prejfure  engines^  pumps^  and  Archimedes's 
screwy  arc  likewife  treated  under  the  refpeflivc  words; 

After  all,  it  is  not  poffible  within  the  limits  to  which  the 
fubje&  of  hydraulic  engines  mud  necefTarily  be  confined  iii 
this  work,  to  defcribe  a  tenth  part  of  thofe  which,  by  the  in-^ 
genuity  of  their  conftru^lion,  and  their  great  utility,  deferve 
the  attention  of  thofe  who  are  likely  to  be  engaged  in  the 
ere£iion  of  fuch  machines.  I'o  fupply  the  deficiency  in  fome 
meafure,  a  catalogue  is  here  added  of  the  moft  important  arid 
valuable  writings  on  thefe  kinds  of  engines. 

Defcrtptio  machhiie  hydraulicse  curiofsb  conftru&a  JoK 
Geor.  Faudieru     Venet.      1607. 

Nouvelle  invention  de  lever  I'eau  plus  haut  que  la  foorce, 
avec  quelqUe  machines  mouvantes  par  le  moyen  de  Teau,  &c. 
par  Ifaac  de  Cans,     1657. 

Jofephi  Gregorti  a  Monte  Sacr.  Princlpia  phyfico-mecha- 
nica  diverfarum  machinarum  feu  inftrumentorum  pneumaticei 
ac  hydraulices.     Venet.     1664. 

Nouvelle  machine  hydraulique,  par  Francinu  Journ.  des. 
S^av.     16^9.  V 

[An  account  of  this  machine  is  likewife  given  in  the  Archi-^ 
te£ture  hydraulique  of  Belidor,  torn.  2.  anc)  in  the  2d  vol.  of 
Defaguliers's  Experimental  philofophy:  in  both  which  perform- 
ances many  other  hydraulic  machines  are  defcribed.] 

An  undertaking  for  raifing  water,  by  Sir  Samuel  Moreland, 
Phil.  1  Vans.  1674.  No.  102.  ' 

An  hydraulick  engine^  by •*....     Phil. Trans.  1675, 

No.  128. 

A  cheap  pump,  by  Mr.  C^/jyrrj.   Phil.Tfatis.  1677.  N0.13& 
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M.  di  HautefeuilU^  Reflexions  fur  quelques  machines  \  elevcr 
les  eauX)  avec  fa  dtfcription  d'une  nouvelle  pompe,  fans  frotte- 
ment  et  fans  pifton,  &c.     1682. 

Elevation  des  eaux  par  toute  forte  des  machines,  reduite  a  la 
mefure,  au  potds,  a  la  balance,  par  le  moyen  d'un  nouyeau  pifton 
et  corps  depompe,  etd'un  nouveau  mouvement  cyclo-elliptique, 
et  rejetant  I'ufage  de  toute  forte  de  manivelles  ordinaireSi  par  le 
Chevalier  Morland.     1685. 

A  new  way  of  railing  water,  enigmatically  propofed,  by  Dr. 
Papin,  Phil.  Trans.  1685.  No.  173.  The  folutions  by  Dr. 
Vincent  and  Mr.  R.  A.  in  Np.  177.       ' 

M.  du  Torax^  Nouvelles  machines  pour  epuifer  I'eau  des 
foundations,  qui,  quoi  tres  (imples,  font  un  efFet  fupprenant. 
1695.     Joum.  dfs  Sjav.  1695.  P*  293- 

An  engine  for  railing  water  by  the  help  of  fire,  by  l^r.  TIw* 
Savery.    PJiil.  Trans.   1699.  N^*  ^53* 

D.  Papin^  Nouvelle  mani^re  pour  lever  Feau  par  la  force  du 
feu:  i.  CaQel.     1707. 

Membire  pour  la  conftrudion  d*une  pompe  qui  fournit  con-^ 
tinuellement  de  Teau  dans  le  refervoir,  par  M.  de  ia  Hire, 
Mem.  Acad.  Sci.  Paris.     17 16. 

Defcription  d'une  machine  pour  clever  des  eaux,  par.  Af .  de 
ia  Payii  Mem.  Acad.  Sci.  Paris.     17 17- 

^oA.  yac.  Bruckmann's  und  Joi*  Heinr.  Weber's  Elementar- 
mafchine,  oder  univerfal-mittel  bey  alien  wafler-hebungen. 
Caffel..    1720. 

Jacob  Leupoldy  Theatri  machinarum  hydraulicarum.     17249 

Job*  Frid.  fVeidleri  Traftatus  de  machinis  hydraulicis  toto 
terranim  orbe  maximis  Marlyenfi  et  Londinenfi,  &c.  1727. 
Vide  Ad.  erudit.  Lips.     1728. 

A  defcription  of  the  water*works  at  London-Abridge,  by  H, 
Beighton,  F.  R.  S.  Phil.  Trans.   1731-  No.  417. 

An  account  of  a  new  engine  foY  raifmg  water,  in  which  horfes 
or  other  animals  draw  without  any  lots  of  power  (which  has 
never  yet  been  praSifed);  and  .how  the  ftrokes  of  the  pifton 
may  be  made  of  any  length,  to  prevent  the  lofs  of  water  by  the 
too  frequent  opening  of  valves,  &c.  by  fValter  Churchman* 
Phil.  Trans.   1734. 

Sur  I'effct  d'une  machine  hydraulique  propofSc  par  M. 
Segner,  par  M.  Leon.  Euler^  Mem.  Acad.  Sci.  Berlin.     1750- 

Application  de  la  machine  hydraulique  de  M.  Segner  a  toutes 
fortes  d'ouvrages,  et  de  fes  avaiitages  fur  les  autres  machines 
hydrauliques,  par  M.  Leon.  Euler^  Mem.  Acad.  Sci.  Berliil. 
1751. 

I^M.  Segnet^s  machine  is  no  other  than  the  fimplc  *yet  truly 
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ingenious  contrivance  known  by  the  name  of  Barlen^^  mill^ 
whi^  had  been  defcribed  in  the  2d  volume  of  Deiaguliers's 
Philofophy,  fome  years  before  the  German  profeflbr  made  any 
pretenfions  to  the  honour  of  the  invention.  The  theory  of  it  is 
•likewife  treated  by  John  Bernoulli  at  the  end  of  his  Hydraulics^] 
Recherches  fur  une  nouvelle  maniere  d'elever  de  Teau  pro- 
"pofiSe  par  AL  de  Mour^  par  M.  Zr.  Euler^  Mem.  Acad*  Berlij}. 

Difcuflion  particuli^re  de  diverfes  manieres  d'elever  de  Teau 
'par  le  moyen  des  pompes>  par  M.  L»  Euler^  Mem.  Acad*  Ber. 

Mazimes  poaf  arranger  le  plus  advantageufement  les  ma- 
chines deftin^es  k  elever  de  Teau  par  le  moyen  des  pompes^  par 
]b£.  L*  Euler^  Mem.  Acad.  Ber.     1752. 

Reflexions  fur  les  machines  hydrauiiques>  par  M.  le  Chevalier 
jyArcyy  Mem.  Acad.  Sci.  Paris.     1754- 

Memoire  fur  les  pompes  par  M.  le  Chevalier  de  Borda^  Mem. 
Acad.  Sci.  Paris.     1 768. 

Dan*  Sernoulli^poiitio  theoretica  fingularis  machinx  hydrau- 
licse.   Figuri  helvetiorum,  exilru^se.   Nov.  Com.  Acad.  Petrop. 

Abhandlungei;i  von  der  waflerfchraube,  von  !)•  Scherjfer^ 
Ifricftcr.  Wicn.     1774. 

Recherches  fur  les  moyens  d'executer  fous  Teau  toutes  fortes 
de  travaux  hydrauliqueSj  fans  employer  aucun  epuifementj  par 
M.  Coulunih*     1779.  . 

Saemund  Magnujfm  Holniy  Efterretning  om  fkye  pumpen. 
Ejobenhavn.     1779* 

Mojren  d^augmenter  la  vitefie  dans  le  mouvement  de  la  vis 
^Arcnimede  mr  fon  axe,  tire  des  racmoires  nianufcrits  de  M. 
Fhigeron^  fur  les  arts  utiles  et  agreables.    Journ.  d'Agric.  Juin, 

The  theory  of  the  fyphon^  plainly  and  methodically  illu- 
ftratedi     1781.     (Richardfoo.) 

Memoria  fopra  la  nuova  tromba  funiculare  umiliata^  dal 
Can.  Carlo  CaJiellL  Milano.     1782. 

Di^rtation  de  M.  de  ParcieuXf  fur  le  moyen  d'elevcr  Teau 

far  la  rotation  d'une  corde  verticale  fans  fin.     Amdcrdam  et 
'aris.     1792. 

Theorie  der  wirzifchen  fpiral  pumpe,  erlautert  von  Heinr*, 
Nicander^    Schwed.  Abhandl.     1783. 

Jac.  Bernoulliy  Eifai  fur  une  nouvelle  machine  hydrauliquc 
Ipropre  a  elever  de  Tcau,  et  qu*on  peut  nommer  Machine  Pitod» 
cnne.    Nov.  AGt*  Acad.  Petrop.     1786. 

K.  Ch.  Laugsdorf*^  Berechnungen  iiber  die  vortheilh^eftero' 
^nutzuBg  angelegter  fammelteiche  zur  betreibung  de^  m^ 
Aft.  Acad.  Eleii.  Mogunt.     1784,  1785. 
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Kkandet's  Thcoric  der  fpiral  pumpe.     1789. 

Nouvelle  archite£ture  hydraulique,  par  M.  Pronf^     '79^ 
1796- 

A  ihort  account  of  the  invention,  theory,  and  pradice  of  fire^ 
machinery;  Or  introdufiion  to  the  art  of  making  machinea 
vulgarly  caJled  fteam-engines,  in  order  to  extraA  water  from 
mines,  convey  it  to  towns,  and  jets  d'eaux  in  gardent|  to  procure 
water-fails  for  fulling,  hammering,  (lammng,  rolling,  and  cam-- 
ttiilhihY  W.'Blakey.     1793.     (Egerton.) 

To  thefe  may  be  added  the  TranfaQions  tif  the  Society  pi 
Arts,  the  Repertory  of  Arts,  Nicbo!fon*s  Philofophical  Joaniiji 
and  Tilloch*^  Philofophical  Magazine,  in  different  places. 

HYDROMETERS.    See  vol.  I.  arts.  40 x,  409. 

HYGROMETER,  or  hygroscope,  or  notiometeh,  an  faj* 
ftrument  contrived  to  meafure  the  humidity  of  the  ain 

The  inftruments  hitherto  invented  for  this  purpofe,  have  n^ 
been  attended  with  that  accuracy  which  there  was  rcafon  tp 
expe^l  and  to  hope  for.  We  have  hygrometers,  it  is  true,  whi^ 
indicate  that  the  air  has  been  more  or  lefs  moift}  but  they 
have  often  this  fault,  that  they  indicate  a  greater  degree  of  nioift* 
ure  than  really  exifts  in  the  atmofphere:  beddes,  they  are  not 
comparable ;  that  is  to  fay,  it  is  not  pofiible  by  their  ^means  to 
compare  the  moiAure  of  one  day,  or  of  one  place,  with  that'^f 
another.  It  may  not,  however,  be  improper  to  defcribe  a  few 
€>f  the  contrivances  of  this  kind,  if  it  be  only  that  their  utility 
may  be  examined. 

I.  As  fir  wood  is  very  fufceptible  of  participating  in  the  dry- 
nefs  and  moifture  of  the  atmofphere,  fome  have  conceived  ue 
idea  of  applying  this  property  to  the  conftruflionof  anhygrcmieten 
For  this  purpofe,  a  fmall,  very  thin  fir  board,  is  placed  aofoTs 
between  two  vertical  immoveable  pillars,  fo  that  the  fibred  ftabcl 
in  a  horizontal  dire^ion ;  for  it  is  in  the  lateral  dire£lioh,  t>r 
that  tranfverfal  to  its  fibres,  that  fir  and  other  kinds  of  woo4 
are  extended  by  moifture.  The  upper  edge  of  the  board  ought 
to  have  a  fmall  rack,  fitted  into  a  pinion,  conne£ied  with  a 
wheels  and  the  latter  with  another  wheel,  having  on  its  axis  jin 
index.  It  may  be  eafily  perceived,  that  by  thefe  means  the  leaft 
motion  communi(;ated  by  the  upper  edge  of  the  board  to  t(^e 
rack,  by  its  rifing  or  falling,  will  be  indicated  in  a  very  fenfi(f|e 
manner  by  the  index ;  confequcntly,  if  the  motion  of  the  index 
be  regulated  in  fuch  a  manner,  that  from  extreme  drynefs  to 
extreme  moifture  it  may  make  a  complete  revolution,  the  di- 
vifions  of  this  circle  will  indicate  how  much  the  prefent  ftsitc 
of  the  atmofphere  is  diftant  from  either  of  thefe  extemes*. 

This  invention  is  ingenious,  but  it  is  not  fufiicient.  The 
wood  retain^  its  moifture  a  long  time  after  the  air  baa  loft  tbaf 
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With  which  It  was  charged;  befides,  the  board  gradually  be-« 
comes  lef§  fenfible  to  the  imprefllons  of  the  air,  and  therefore 
produces  little  or  no  efFeft. 

2.  Sufpend  a  fm^ll  circular  plate  by  a  fine  ftring,  or  piece  of 
catgut,  faftened  to  its  centre  of  gravity,  and  let  the  other  end 
of  the  ftring  be  attached  to  a  hook.  According  as  the  air  is 
jptiore  or  lefs  moift,  you  will  fee  the  fmall  plate  turn  round,  in 
one  diredion  or  in  another. 

The  hygrometers  commonly  fold  are  conftrufled  on  this 
principle.  They  cpnfift  of  a  kind  of  box,  the  fore  part  of 
"\Yhich  reprefents  a  building  with  two  doors.  On  one  fide  of 
the  metal  plate  which  turns  round,  (lands  the  figure  of  a  man 
with  an  umbrella,  to  defend  him  from  the  rairt,  and  on  the 
other  a  woman  with  a  fan.  The  appearance  of  the  former  of 
thefe  figures  indicates  damp,  and  that  of  the  other  dry,  weather. 
This  pretended  hygrometer  can  ferve  for  no  other  purpofe  than 
to.  ^mufe  children ;  for  the  philofppher  muft  obferve  that,  as 
the  variations  of  humidity  are  tranfmitted  to  this  inftrument 
only  by  degrees,  it  will  indicate  moifture  or  drought  when  the 
ftate  of  the  atmofphere  is  quite  contrary. 

3.  Some  have  tried  to  conftruft  an  hygrometer,  by  making 
faft  a  piece  of  catgut  at  one  extremity,  winding  it  backwards 
and  forwards  over  different  pulleys,  and  fufpjiM!in;T  from  its 
other  extremity  a  fmall  weight,  behind  which  is  placed  a  gradu- 
ated fcale.  Others  difpofe  the  extremity  of  the  catgut  in  fuch 
a  manner,  as  to  caufe  it  to  move  an  index  round  a  graduated 
plate,  the  different  degrees  of  which  indicate  the  drynefs  or 
moifture  of  the  atmofphere.  This  inftrument,  however,  is  fub- 
jeft  to  the  fame  inconveniences  as  that  before  mentioned. 

4.  Put  into  one  fcale  of  a  balance  any  fait  that  attra£bs  the 
moifture  of  the  air,  and  into  the  other  a  weight,  in  ex  aft  equi- 
librium with  it.  The  fcale  containing  the  fait  will  fink  down 
during  damp  weather,  and  thereby  indicate  that  fuch  is  the 
(late  of  the  atpiofphere.  An  index,  to  determine  the  different 
degrees  of  drought  or  moifture,  may  be  eafily  adapted  to  it. 

This  inftrument  however  is  worfe  than  any  of  the  reft;  for  a 
fait  immerfed  in  moift  air  becomes  charged  with  a  great  deal  of 
humidity,  but  lofes  it  very  flowly  when  the  air  bex:omes  dry : 
fixed  alkali  of  tartar  even  imbibes  moifture  till  it  falls  in  d/li^ 
quium,  that  is  to  fay,  till  it  is  reduced  to  a  liquid  or  fluid  ft,atc. 

5.  Mufic  may  be  employed  to  indicate  the  drynefs  or  moifture 
of  the  air.  The  found  of  a  flute  is  higher  during  dry  than  during 
moift  weather,  and  the  ftring  of  a  violin  exhibits  the  fame  pheno- 
menon; but  neither  of  thefe  can  (hew  the  immediate  ftate  of 
the  air  in  regard  to  drynefs  or  humidity. 

6.  M.  De  Luc's  contrivance  for  an  hygrometer  is  on  this 
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pfii^ctple.  ..Finding  that  even  ivory  fwells  with  uoolfture,  and 
contra fts  with  drynefs,  he  made  a  fmall  and  very  thin  hollow; 
cylinder  of  ivory,  open  only  at  the  upper  end,  into  which  is 
fitted  the  under  or  open  end  of  a  very  fine  long  glafs  tube,  like 
that  of  a  thermometer.  Into  thefe  is  introduced  fome  quicfc- 
filver,  filling  the  ivory  cylinder,  and  a  fmall  part  of  the  length 
up  the  glafs  tube.  The  confequence  is  this :  when  moifture 
fwells  the  ivory  cylinder,  its  bore  or  capacity  grows  largerj  and 
consequently  the  mercury  finks  in  the  fine  glafs  tube;  and,  vice 
verfoy  when  the  air  is  drier,  the  ivory  contracts,  and  forces  the 
mercury  higher  up  the  tube  of  glafs.  It  is  evident  that  an-  in- 
ftrument  thus  conftrufled  is  in  faft  alfo  a  thermometer,  and 
mud  necefTarily  be  aSe£ted  by  the  viciflitudcs  of  heat  and  cold, 
as  well  as  by  tliofe  of  drynefs  and  moidure;  or  that  it.  muft 
a£l  as  a  thermometer  as  well  as  an  hygrometer.  The  contriv- 
ances in  the  ftrufture  and  mounting  of  this  inftrument  are 
defcribed  in  the  Philos.  1*rans.  vol.  63,  art.  38;  where  it  may 
be  feen  how  the  above  imperfeftion  is  correfted  by  fome  fimplc 
and  ingenious  expedients,  employed  in  the  original  con ftruftioa 
and  fubfequent  ufe  of  the  inftrument;  in  confequence  of  which, 
the  variations  in  the  temperature  of  the  air,  though  they  produce 
their  full  cfFefts  on  the  inftrument  as  a  thermometer,  do  not 
iriterfere  with  or  embarrafs  its  indications  as  an  hygrometer. 

7.  In  the  Philof.  Tranf.  for  lypij  M.  De  Luc  has  given  a 
fecond  paper  on  hygrometry. .  This  has  been  chiefly  occafion- 
ed  by  a  Memoir  of  M.  De  SaufTure  on  the  fame  fubjeft,  entitled 
Eflais  fur  THygrometrie,  in  4to,  1783.  In  this  work  M.  De  S, 
defcribes  a  new  hygrometer  of  his  conftrudiion,  on  the  follow- 
ing principle.  It  is  a  known  fa6i  that  a  hair  will  ftretch'  when 
It  is  moiftened,  and  contraft  when  dried :  and  M.  De  SaufTure 
found,  by  repeated  experiments,  that  the  difference. between  the 
greateft  extenfion  and  contraction',  when  the  hair  is  properly 
prepared,  and  has  a  weight  of  about  3  grains  fufpended  by  it, 
IS  nearly  one  40th  of  its  whole  length,  or  one  inch  in  40.  This 
circumftance  fuggefted  the  idea  of  a  new  hygrometer.  To  ren- 
der thefe  fmall  variations  of  the  length  of  the  hair  perceptible, 
an  apparatus  was  contrived,  in  which  one  of  the  extremities  of 
the  hair  is  fixed,  and  the  other,  bearing  the  counterpoife  above* 
mentioned,  furrounds  the  circumference  of  a  cylinder,  which 
turns  upon  an  axis  to  which  a  hand  is  adapted,  marking  upoii  a 
dial  in  large  divifions  the  almoft  infenfiblc  motion  of  this  axis. 
About  12  inches  high  is  recommended  as  the  moft  convenient 
and  ufeful:  and  to  render  them  portable,  a  contrivance  is  added, 
by  which  the  hand  and  the  counterpoife  can  be  occafionally, 
fixed. 

£ut  M.  De  Luc,  in  his  Idees  fur  la  Meteorologies  vol.  i. 
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%nno  17  85,  {hews  that  hairs,  and  all  the  other' animil  or  TegeN 
-able  hygrofcopic  Oibftaadesptakqi  ien^wifei  or  in  the  dire£lion 
of  their  fibres^  undeigo  contrary  changes  Irom  different  variations 
of  humidity;  that  mrhen  immerfed  in  watery  they  lengdien  at 
firft,  and  afterwards  (horten ;  that  when  they  are  near  the  great* 
-eft  degree  of  humidity^  if  thq  moifture  be  increafed,^  they 
'fliorten  themfelves;  if  it  be  diminiihedy  they  lengthen  themfelves 
firft  before  they  contract  again.  Thefe  irregularitiesi  which 
tender  them  incapable  of  being  true  meafures  of  humidity,  he 
ihews  to  be  the  neceflary  confequence  of  their  organic  reticular 
ftruf^ure*  De  SauiTure  takes  his  point  of  extreme  moiftuie 
from  the  vapours  of  vtrater  under  a  glafs  bell,  keeping  the  (ide^t 
of  the  bell  continually  moiftened  y  and  afSims,  that  the  humidity 
,48  there  conftantly  fhe  fame  in  all  temperatures  ^  the  vapours 
even  of  boiling  water  having  no  other  tStd  than  thofe  of  cold. 
De  Luc,  on  th^  contrary,  (hews  that  the  differences  in  humidity 
wider  the  befl  are  very  great,  though  De  Sauffure^s  hygrometjer 
was  not  capable  of  dicovering  them;  and  that  the  real  unde-> 
compofed  vapour  of  boiling -water- has  the-dire^ily  oppoiite 
tSkSt  to  that  of  cold,  the  effe£fc  of  extreme  drynefs:  and  on 
this  point  he  mentions  an  intereftingfadycorbmunicatedito  him 
by  Mr.  Watt,  viz.  that  woodcannot  be  empioye^dn  the  fteam* 
engine  for  any  of  thofe  parts  where  the  vapour  of  the  boiling 
water  is  confined,  becaufe  it  dries  fo  as  to  crack  as  if  expofed  tt> 
the  fire. 

To  thefe  charges  of  M.  De  Luc,  a  reply  is  made  by  M.  De 
Sauffure,  in  his  Defence  of  the  Hair  Hygrometer,  in  1788  ; 
where  he  attributes  the  general  difagreement  between  the  two 
Inftruments  to  irregularities  of  M*  De  Luc's;  and  affigns  fome 
aberrations  of  his  own  hygrometer,  which  could  not  have  pro* 
ceeded  from  the  above  caufe>  but  to  its  having  been  out  o£ 
arder>  &c. 

'II11&  has  drawn  from  M»  De  Luc  a  fecond  paper  on  hygro* 
metry>  publifiied  in  the  Philof.  Tranf.  for  1791,  p.  !.  and  3^9* 
This  author  here  refumes  the  four  fundamental  principles  whidh 
he  had  (kecched  out  in  the  former  paper,  viz.  ift.  That  a  fire  is 
ft  fure»  and  the  only  fure,  means  of  obtaining  extreme  drynefs. 
ad»  That  water>  in  its  liquid  ftate,  is  a  fure»  and  the  only  fure 
fneans  of  determining  the  point  of  extreme  moifture.  3d.  There 
{s  no  reafbn,  k  priori^  to  exped:  from  any  hygrofcopic  fub- 
ftarice>  that  the  meafurable  eiFc£ls  produced  in  it  by  moifture^ 
ve  pr6portional  to  the  intenCties  of  that  caufe.  But,  4th,  per- 
Bapsthe  comparative  changes  of  the  dimenfions  of  a  fubftance^ 
and  q£  the  weight  of  the  fame  or  other  fubdances,  by  the  fame 
variations  of  moifture,  may  lead  to  fome  difcovery  m  that  re- 
^eSL    Ottthe(eiiead&  M.^De  Luc. expatiates  at.Iarge  jp  tliis 
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•papeTi  ftewinglTie  imperfc6Hons  of  M.  Dc  Sauflure's  principlct 
jof  hygrometry,  and  paxticnlarbf  ag  to  a  hair,  or  aoy  fuch  fubftanoe 
tAen  extended  lengthwire,beingpToperly  ufed  as.an  hygrometer. 
•On  the  other  hand,  he  ihev$  that  the  exnanfion  of  fubftdncet 
4u:Tois  the  fibres,  or  grain,  renders  them,  in  that  refpe£k,  by  far 
the  mcA  proper  for  thb  purpofe.  He  choofes  fuch  as  can  be 
made  very  thin,  as  irory  or  deal  ibavings,  but  he  prefers  whale* 
bone,  as  far  the  beft* 

The  preceding  general  defcription  of  the  principal  hygro* 
ineters  wiU,  we  truft,  be  fufficient  to  (hew  that  great  imper^ 
fedUon  and  uncertainty  attends  the  ufe  of  any  of  them  \  and,  aft . 
^the  fame  time,  to  juftify  us  in  not  entering  more  into  detail  re* 
fpefting  the  cohftrudion  of  tbefe  inftruments. 

JACK,  an  inftrument  in  common  ufe  for  raifing  heavy  tim-s 
ber,  or  very  great  weights  of  any  kind  ;  being  a  powerful  ocxm^ 
bination  of  teeth  and  pinions,  and  the  whole  indofed  in  a. 
i^rong  wooden  ftocic  jot  frame  BC,  and  moved  by  a  winch  or 
-handle  HP ;  the  outfide  appearing  as  in  fig.  5.  pi.  VIIL  Ia 
t^.  6.  the  wheel  or  tack  work  is  ihewn,  being  the  view  of 
'die  infide  when  die  ftock  is  removed.  Though  it  is  not 
dravni  in  the  juft  propordons  and  dimenfiona,  for  the  rack 
AB  muft  be  fuppofed  at  leaft  four  times  as  long  in  pro* 
pordon  to  the  wheel  Q^  as  the  figure  reprefents  it ;  andpthe 
teeth,  which  will  be  then  four  times  more  in  number,  id 
have  about  3jn  the  inch.  Now  if  the  handle  HP  be  7  inches 
long,  the  circumference  of  this  radius  will  be  44  inches,  which 
IS  the  diftance  or  fpace  the  power  moves  through  in  one  re- 
.voltttion  of  the  handle :  but  as  the  pinion  of  the  handle  has 
but  four  leaves,,  and  the  wheel  Q^fuppofe  20  teeth,  or  5  times 
the  numbef,  therefore  to  make  one  revolution  of  the  wheel  Q^  it 
tequarea  5  turns  of  the  handle,  in  which  cafe  it  paflcs  through 
5  dmes  44  or  220  inches :  but  the  wheel  having  a  pinion  R 
of  3  leaves,  thefe  will  raife  the  rack  3  teeth,  or  one  inch,  ia 
die  fame  (j^ace.  Hence)  then,  the  handle  or  power  movin?  220 
times  as  faft  as  th«  weight,  will  raife  or  balance  a.  weight  of  22b 
times  its  own  energy.  And  if  this  be  the  hand  of  a  man  who 
can  fuftain  50  pounds  weight,  he  will,  by  help  of  this  jack,  be 
able  to  raife,  or  fuftain,  a  weight  or  force  of  i  xooo  lb.  or  about 
5  tons  weight. 

'I'his  machine  is  fometimes  open  behind  from  the  bottom 
almoft  up  to  the  wheel  Q^  to  let  tlie  lower  claw,  which  in  that 
cafe  is  turned  up  as  at  B,  draw  up  any  weight.  When  the  weight 
is  drawn  or  pufhed  fufficiently  high,  it  is  kept  from  going  back  by 
hanging  the  end  of  the  hook  S,  fixed  to  a  ftaple,  over  the  curved 
part  of  the  handle  at  b. 
T||e  SoGvetj  oi  Aits  rewarded  a  Mr.  Mocoek^  of  Southwas&y 
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with  a  premium  of  20  guineas,  for  Iiis  contrivance  to  prevent  h 
jack'  from  taking  a  retrograde  courfe  whenever  the  weight  by 
any  accidental  circum fiance  overbalances  the  power.  The  ina- 
proved  jack  only  differs  from  thofp  in  common  ufe  in  this  rc- 
fyeGt,  that  it  has  a  pall  or  clock,  and  ratchet,  applied  in  fuck 
manner  as  to  (lop  the  motion  of  th^  machine  as  foon  as  it  begins 
to  run  back  again.  As  the  difference  in  the  mechanifm  is  very 
trifling,  the  improvement  may  be  eafily  applied  to  any  common 
jacks  already  ms^de. 

Jack  is  alfo  the  name  of  a  well-known  engine  in  the  kitcheitf 
ufed  for  turning  a  fpit.  Here  the  weight  is  the  power  applieci, 
afting  by  a  fet  of  pulleys ;  the  fri£iion  of  the  parts,  and  the 
weight  with  which  the  fpit  is  charged,  are  the  forces  to  be  over- 
come 'y  and  a  fteady  uniform  motion  is  maintained  by  means  of 

■a  fly. 

The  common  worm-jack  is  reprefented  at  fig.  2-  pi.  XII. 
ABC  is  the  barrel  round  which  the  cord  QR  is  wound :  KL 
%hc  main  wheel,  commonly  containing  60  teeth.  N  the  worm 
wheel  of  about  30  teeth,  cut  obliquely.  LM  the  pinion,  of 
about  15.  O  the  worm  or  endlefs  fcrew,  confifling  of  two 
ipiral  threads,  making  an  angle  of  60  or  70  degrees  with  its 
axis.  X  the  ftud,  and  Z  the  loop  of  the  worm  Ipindle.  P  2l 
heavy  wheel,  or  fly,  connefted  with  the  fpindlc  of  the  endlefs 
fcrew  to  make  the  motion  uniform.  DG  the  ftruck  wheel 
fixed  to  the  axis  FD.  S,  S,  S,  arc  holes  in  the  frame,  by  which 
it  may  be  nailed  to  a  board,  and  thendc  to  any  wall,  the  end  D 
being  permitted  to  pafs  throun*b  it.  HI  the  handle  going  upon 
the  axis  ET,  to  wind  up  the  weight  when  it  has  run  down.  JL 
is  a  box  of  fixed  pulleys,  and  V  a  correfponding  one  of  moveable 
pulleys  carrying  the  weight.  The  axis  ET  is  fixed  in  the  barrel 
AC,  which  axis  being  hollow,  both  it  and  the  barrel  turn  roun4 
upon  the  axis  FD,  which  is  fixed  to  the  wheel  KL,  when  it  turns 
in  the  order  BTA  5  but  cannot  turn  the  contrary  way,  by  reafon 
of  a  catch  nailed  to  the  end  AB,  which  lays  hold  of  the  crofs-bars 
in  the  wheel  LK. 

The  weight  by  means  of  the  cord  QR,  in  confequence  of  its 
defcent,  carries  about  the  barrel  AB,  which  by  the  aftion  of 
the  catch  carries  the  wheel  KL,  and  this  moves  the  pinion  LM 
and  wheel  N,  the  latter  moving  the  worm  O  and  the  fly  P. 
Alfo  the  wheel  LM  carries  the  axis  FD  with  the  wheel  l)G\ 
which  carries  the  cord  or  chain  tliat  goes  about  the  wheel  or 
pulley  at  the  head  of  the  fpit.  But  when  the  handle  H  gives 
motion  to  the  axis  in  a  contrary  order  to  that  given  by  the 
weight,  the  catch  is  depreffed  ;  fo  that  although  the  barrel  BQ 
.  moves  and  winds  the  cbrd  upon  it,  the  wheel  DG  continues  a.t 
reft.    The  time  which  the  jack  will  continue  in  motion  de* 
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jpends  upon  the  number  of  pulleys  at  R  and  V :  and  as  tKefc 
ificteafe  or  decfcafe,  fo  muft  the  weight  which  communicates 
the  motion,  in  order  to  perform  the  fame  work  in  the  fame 
time. 

Smoke-JACK  is  an  engine  ufed  for  the  fame  piirpofe  as 
the  common  jack  ;  and  is  fo  called  from  its  being  moved  by 
xnisans  of  the  fmoke,  or  rarefied  air,  afcending  the  chimney,  and 
ftriking  againft  the  fails  of  the  horizontal  wheel  AB  (plate  XII. 
^S*  '•)»  which  being  inclined  to  the  horizon,  is  moved  about  the 
axis  of  the  wheel,  together  with  the  {)inion  C,  which  carried 
the  wheels  D  and  E  •,  and  E  carries  the  chain  F,  which  turns 
the  fpit.  The  wheel  AB  ihould  be  placed  in  the  narrow  part 
of  the  chimney,  where  the  motion  of  the  fmoke  is  fwifteft,  and 
where  alfo  the  greateft  part  of  it  muft  ftrike  upon  the  faUs. — 
The  force  of  this  machine  depends  upon  the  draught  of  the 
chimney,  and  the  ftrength  of  the  fire. 

Smoke-jacks  are  fomctimes  moved  by  means  of  fpiral  flyer^ 
coiling  about  a  vertical  axle ;  and  at  other  times  by  a  vertical 
wheel  with  fails  like  the  float-boards  of  a  mill :  but  the  aboye^  is 
the  more  cuftomary  conflruftion. 

JOINT,  UNIVERSAL.  See  the  introduftory  part  of  this  vo- 
lume. 

KNEADING-MILL,  is  a  contrivance  by  which  large  quan- 
tities of  flour  may  be  mixed  and  incorporated  into  dough. 

In  many  places  bakers  follow  the  difgufting  pradiice  of  knead- 
.  ing  the  dough  with  their  bare  feet:  and  in  others  the  bulinefs  is 
efiedied  by  a  wooden  implement,  being  a  lever;  which,  fattened 
at  one  end  by  a  moveable  Iiinge,  ia  worked  up  and  down  fo  as 
to  prefs  and  knead  the  dough.  But  the  machine  we  are  about 
to  defcribe  is  far  preferable,  as  it  will  knead  the  dough  very 
completely,  with  a  great  faving  of  time  and  labour.  It^is  ufed 
at  the  public  baking-houfes  of  Genoa,  and  was  firft  defcribed  in 
the  jiUt  della  Societa  Patrictica  di  Mtlano,  vol.  II. 

A,  in  fig,  4*  pi.  XVIII.  is  a  frame  of  wood  which  fupports 
the  axis  of  the  machine:  a  wall  14  palms  high  from  the  ground 
may  be  made  ufe  of  inftead  of  this  frame.  B  a  wall^  three 
palms  and  a  half  thick,  through  which  the  aforefaid  axis  pafTcs. 
C  another  wall  fimilar  to  the  former,  and  facing  it,  at  thd 
diftance  of  21  palms.  D,  the  axis,  thirty  palms  in  length,  and 
one  palm  and  one-third  in  thicknefs.  £  the  great  wheel,  fixed 
to  the  faid  axis,  between  the  frame  and  the  wall ;  its  diametet 
is  28  palms  \  and  its  breadth,  which  is  capable  of  holding  two 
men  occafionally,  is  five  palms.  F,  are  fteps,  by  treading  oh 
which  the  men  turn  the  wheel  very  fmartly ;  they  are  two 

Jalms  diitant   from  each  other,  and  one  third  of  a  palm  in 
eight.    G,  a  fmall  wheel  with  cogs,  fixed  almoft  at  the  further 
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ciElT«inity  of  the  arit :  its  diameter  is  i  a4  pt^fllP-    H  a  betm  tt 
wood  wnich  extends  from  one  wall  to  tbe  other;  being  at 
palms  in  length,  and  one  and  a  third  in  thickaefs.     ▲  fimilar 
beam,  ^ot  feen  in  the  figure,  is  on  the  oppofite  fide  of  the  axb« 
ly  a  tranfverfe  piece  of  wood,  plac€|l  near  the  wall  Ci  it  is  fixed, 
into  the  two  beams,  and  ferves  to  fupport  the  furthisr  extrenuty 
of  the  axis :  its  length  is  14  palmsy  aod  its  diicknefs  oiic  ind  ic 
third  :  there  is  likewife  a  traniVerfe  piece  (which  cannot 'he  feea 
in  the  figure)  14  palms  long,  and  half  a  palm  thick,  piaeed  clofe 
to  the  wall  B.    K  is  a  ftrong  curved  piece  of  esalc,  fixed  tran&: 
verfely  in  the  fidebeams  H,  to  receive  the  axis  of  the  trundle-s 
Its  length  is   14  palms,  and  its  thicknefs  if.    L  is  a.  tnm^. 
die  of  54  palms  in  diameter,  and  i^  in  height,  which  b  moved; 
by  the  cogged-wheel  G«    M  is  an  axis  proceeding  fn>m  the 
trundle  L,  and  continued  through  the  crofs  N  to  the  bottom  of. 
the  tub  P  \  its  centre  is  made  of  iron,  partly  fquare  and  partly? 
xound,  and  it  turns  in  a  Ibcket  of  brais*    The  firft  part  of  thb 
axis  between  the  trundle  L  and  the  crofs  N  is  of  fquare  iroKf 
furroundcd  by  2  pieces  of  wood,  held  together  by  iton  hoops^ 
which  may  be  removed  at  pleafure  to  examine  the  iron  within  t 
Its  length  is  3  palms,  its  diameter  about  1  palm.    The  fesond  part 
of  the  axis  which  is  within  the  tube,  is  made  like  the  firft  part:  its 
height  is  li  palm,  its  diameter  i-^    The  wooden  (heath  of  this 
part  of  the  axis  is  fixed  to  the  bottom  of  the  tub,  by  means  of 
three  fcrews  with  their  nuts.    This  axis  is  diftant  one-third  of 
a  palm  from  the  neareft  triangular  beater  of  the  crofs.     N  the 
crofs,  formed  of  two  bars  of  wood  unequally  divided,  fo  that  the 
four  arms  of  the  crofs  are  of  different  lengths :  one  of  the  two 
pieces  of  wood  of  which  the  crofs  is  made,  is  6  palms  in  lengthy 
the  other  5  :  their  thicknefs  is  ^  of  a  palm,  and  their  breadth 
1  palm.     O,  four  pieces  of  wood,  called  beaters^  of  a  triangular 
iliape,  fixed  vertically  into  the  exrremities  of,  and  underneath, 
the  arms  of  the  fore-mentioned  crofs:   they  are   i\  palm  in 
length,  and  half  a  palm  in  thicknefs ;  and  beat  or  knead  the 
dough  in  the  tub  at  unequal  diftances  from  the  centre.     lE^  is  a 
ftout  wooden   tub,   about  a  quarter  of  a   palm  thick^  well 
hooped  with  iron  :  its  diameter  is  6  palms,  its  height  i^  in  the 
clear. 

Fie*  5.  is  a  box  or  trohgh  of  wood,  4  palmslong,  and  3  wide, 
in  which  the  leaven  is  formed  (in  about  an  hour}  in  a  ftove^  and 
in  which  it  is  afterwards  carried  to  the.  tub  P. 

Fig.  6.  exlxibits  a  view  of  the  trundle,  crofs,  &c*  with  afe&ion 
of  the  tub. 

Fig. 7.  is  a  bird's-eye  view  of  the  crofs  and  tub,  widi.tfae  upper. 
ends  of  the  triangular  beaters. 

This  tub,  F,  will  contain  18  rub|^.(ab(8it  X9hxiSbxix)^l^am^ 


^ith  i%  esMed  W  ftiii  tirtfete :  the  Raven  Is  then  carried  to  it 
in  tt^bcrx  or  trougb^  fig.  f.  land  when  the  whole  is  tempeted 
with  si  ^per  <jftantity  of  ^rm  winter,  the  men  worlc^  in  the 
wheel  till' «faed«MigK|i$^pt^erly. and  completely  bieaded. ;  In. 
generad  %  quarter  of  aii'^IioUr  is'  fufficient  to  make  very  gdod 
dough;  but  ati  eirperieneed  baker  'w!io  fuperintcnds,  determines 
that  die  operation  (haU  be  continued  a  few  mkhites  more  or  lefs, 
aecordiog  to'Ckrcfuaiift&nc^. 

The  meafutes  in  thi;  precediiig  defcriptiofi;9re  given  in  Ge* 
noefe  pabn^  each  of  which  i^  very  nearly  equal  to  p'85  of  our 
ineheif  The  machinery  may  be  varied  m  its  conftru£lion  ac- 
cordini(  to  drcumftaaces,  and  the 'energy  of  the 'firfl:  mover 
much  bett^  applied  Ihah  by  meri*wallnng  in  a  cbmmon  wheel. 

LATHE,  a  vcryufcful  engine  for  the  fuming  of  wood,  ivory, 
metals,  and  oth^r  materiab.  Tb!6  invention  of  the  lathe  is  very 
Micient:  Diodorus  Sidulus  liys,  the  Tirft  wTidufcd  it  was  a 
grandfon  of  Dasdalus,  named  Tallin.  Plfni|rafcTibes  it  to"Theo- 
ddreof  Samos  $  and  metitions  one  Th^riclcs,  who  rendered  him* 
felf  very  famous  by  his  dexterity  iii  managing  the  lathe.  With 
this  inftrument  the  ancients  turned  all  kinds  gf  vafes,  many 
whereof  they  enriched  with  figures  iand  ornaments  in  baiTo  re- 
lievo.   Thus  Virgil :  **  Lenta  quibus  form  facili  fuperaddita  viiis** 

The  Greek  and  Latin  authors  make  frequent  metition  of  the 
lafhe  ;  and  Cicero  calls  the  workmen  who  ufed  it  vafcnlariL  It 
was  a  proverb  amongthe  ancients,  to  fay  a  thing  was  formed  in 
the  lathe,  to  exprefs  its  delicacy  and  juftnefs. 

The  common  lathe  is  compofed  of  two  wooden  cheeks  or 
fides,  parallel  to  the  horizon,  having  a  groove  or  opening  be- 
'  tween  :  perpendicular  to  thefe  are  two  other  pieces  called  pup^ 
petSf  n&ade  to  Hide  between  the  cheeks,  and  to  be  fixed  down  at 
any  point  at  pleafur^.  Thefe  have  two  points,  between  which 
the  piece  to  be  turned  is  fuftained :  the  piece  is  turned  round 
backwards  and  forwards  by  means  of  a  firing  put  round  it,  and 
fafteited  above  to  the  end  of  a  pliable  pole,  and  underneath  to  a 
tredle  or  board  moved  with  the  foot.  There  is  alfo  a  reft  whicli 
bears  up  the  tool,  and  keeps  it  fteady.  But  the  moft  ingenious 
lathes  now  conftru£led  are  different  from  the  above :  we  ihall 
defcribe  them  under  the  article  turning. 

LENS  GRINDING  MAGUiNEs,  have  been  invented  of  many 
difierent  kinds;  but,  fince  it  has  been  admitted  that,  on  die 
whole,  fpherical  leidfes  are  the  raoft  practically  ufeful,  the  con- 
ftru£iian  of  lens-grinders  has  become  comparatively  fimpie.  One 
9f  the  beft  we  have  feen  was  invented  by  Mr.  Sam,  Jenhinr^ 
and  deforibed  in  No.  459.  voL  xli;  of  the  Phil.  Troffac.  It  is 
contrived  to  turn  a  fphereat  one  and  the  fame  time  on  two  axts, 
«i0Ck^^«u:h  olhor  at  t^^  angles;,  andwill  produce  the  figment 
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of  a  true  fphcre  merely  by  turning  round  the  >vhccls,  Mrithcvt 
any  care  or  ikill  of  the  workmen.  A  (fig.,  i*  pi.  X^O  h  a  gjk))^ 
covered  with  cement,  in  which  are  fixed  the  pieces  of  gl^  to 
be  ground :  this  globe  is  faftened  to  the  axis,  and  turns  with  the 
wh€el  B.  C  is  the  brafs  cup  which  polifhes  the  glaf« :  this  is 
faftened  to  the  axis,  and  turns  with  the  wheel  D.  The  motion 
of  the  cup  C,  therefore,  is  at  right  angles  to  the  motion  of  the 
globe  A ;  whence  it  follows,  demonftrably,  that  the  pieces  of 
glafs  ground  by  this  double  motion,  mud  be  formed  into  the 
fcgments  of  fpheres. 

The  L£V£R,  treated  as  one  of  the  mechanical  powers,  feU 
under  our  notice  in  book  t.  ch.  iii.  vol.  I.  where  the  theory  of 
the  various  kinds  of  levers,  whether  flraight  or  bent,  was  laid 
down.     Our  prefent  obje£l:  is  to  deicribe  a  combination  pf  the 
lever  with  the  axis  in  peritrochio,  by  means  of  which  the  re- 
ciprocating motion  of  the  lever  is  made  ufeful  in  giving  a  con- 
tinued re£lilinear  motion  to  a  heavy  body,  without  changing  the 
fituation  of  the  fulcrum  of  the  lever.     This  contrivance  is  de^- 
fcribed  by  Belidor  (Archit.  Hydraul.  torn.  It)  under  the  name 
of  ie  Uvier  de  la  Garouffey  and  is  generally  called  in  England  the 
unlvetfal lever,     FGH  (fig.  2.  pL  XX.)  is  a  ftraight  lever,  whofc 
centre  of  motion  is  G :  on  its  extremity  F,  hang  two  bars  FD> 
FE,  the. former  of  which  has  a  hook  to  catch  into  the  teeth  of 
the  wheel  ACD,  and  the  latter  has  its  end  flightly  bent,  fo  as  to 
Hide  over  the  outer  parts  of  thofe  teeth.     The  axle  A  has  a 
cord  wound  about  it,  to  tlie  lower  end  of  which  \%  attached 
the  weight  W.     Now  fuppofe  the  end  H  of  the  lever  raifed 
from  H  by  I,  while  the  other  end  defcends  from  F  to  B ;  the 
bar  FE  will  then  pufli  the  point  E  of  the  wheel  from  E  to  C, 
while  the  hook  D  Hides  over  an  equal  fpace  on  the  other  fide  of 
the  wheel.     After  this,  on  the  end  H.  of  the  lever  being  brought 
down  again  by  I  to  H,  the  end  F  afcends  through  BF,  and  the 
hook  D  raifes  up  the  left  hand  fide  of  the  wheel  through  a  fpace 
equal  to  EC.     Thus  the  reciprocating  motion  of  the  lever  is 
made  to  communicate  a  continued  rotatory  motion  to  the  wheels 
and  confequently  to  raife  the  weight  W  fufpended  from  its  axle 
by  the  cord.     Here  the  advantage  gained,  ncgl<;<2:ing  fri^iion 
and  the  ftiffnefs  of  the  cord,  will  be  in  the  ratio  compounded,  of 
the  ratio  of  HG  to  GF,  and  the  ratio  of  tlie  radius  of  the  wheel 
to  that  of  the  axle.    Thus  if  HG  were  lo  times  GF,  and  tha 
radius  of  the  wheel  lo  times  chat  of  the  axle,  the  power  would 
•  then  be  to  the  weight  raifed  nearly  as  i  to  ico. 

This  machine  has  been  advantageduily  applied. in  drawing 
heavy  loads  along  a- plane  nearly  horizontal:  in  that  cafe,  the 
cord  has  been  carried  from  A  in  nearly  an  horizontal  dire^ion^ 
paiTed  round  a  pulley  p^  attached  to  the  loi^d  «/  or  it$  cajriage^ 
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^d  Its  end  fixed  to  a  poft  as  at  a^  or  perteips  to-  the  friime  of 
the  wheel  and  axle.  The  pulley,  it  is  obvious,  almoft  doubles 
the  advantage  of  the  power }  and  fince  the  force  to  be  over- 
come when  once  the  fyftem  is  put  in  motion  is  liot  equiva« 
lent  to  the  whole  load  w^  but  merely  to  the  fri£lion,  and  the 
rigidity  of  the  ropei  a  very  great  weight  mav  be  moved  in  this 
manner  by  a  comparatively  fmall  power.  If  the  lever  have  an- 
other arm  to  the  left  of  G  (as  it  appears  in  the  figure)  equal  toOHy 
a  man  may  then  work  at  each  end,  either  by  preffin?  upon  it  or 
l^y  pulling  downws^rds  with  a  cord ;  and  thus  the  labourers  will 
alternately  relieve  each  other.  Sometimes  a  heatt-wheet  has 
been  combined  with  this  univerfal  lever:  but  it  is  not,  we  thinks 
a  combination  to  be  recommended  in  pra£lice. 

If  the  centre  of  motion  G  were  vertically  above  the  centre  of 
the  wheelt  and  if  another  bar  and  hook  .fimilar  and  equal  in 
length  to  FD  hung  from  the  point  ^/G  being  equal  to  GF; 
thefe  two  hooks  would  then  catch  alternately  into  the  teeth  on 
the  rifing  fide  of  the  wheel,  and  thus  produce  the  continual  ro* 
tatory  motion  :  but  this  conftrufiion  has  a  pra£lical  difadVan* 
tage  \  for  when  both  bars  work  on  the  (ame  fide  of  the  wheels 
thev  will  be  in  great  danger  of  catching  together  and  impeding 
each  other's  motions. 

Univerfal  levers  have  long  been  introduced  into  faw-mills,  for 
the  purpofe  of  drawing  along  the  logs  to  be  fawn.    See  saw* 

MILL,  alfo  PIPE-BORER. 

.  LINT-MILL. ,  Sec  Fla^-mili. 

LOADING  AND  UNLOADING  MACHINE,  su  mvention  of  Mr. 
p.  Davis,  of  Windfor,  for  the  purpofe  of  removing  ponderous 
fubilances  to  or  from  waggons.  Sec.  with  fafety  and  convenience. 
1'hi:»  portable  machine  is  reprefented  in  fig.  6.  pi.  XV.  where  A 
18  the  winch  turning  the  bar  B,  on  which  are  two  endlefs  fcrew8» 
or  worms,  CC,  that  work  in  the  toothed  wheels  DD*  Thefe 
wheels  are  fixed  to  the  barrels  ££,  round  which  the  ropes  FP 
coil,  wind  up,  or  let  out  the  fame  occafionally  :  the  ropes  pafs 
over  the  pulleys  GG}  are  brought  round }  and  their  ends,  being 
fumiihed  with  hooks  for  that  purpofe,  are  hitched  into  ftaples 
fixed  to  the  front  of  the  cart,  or  other  carriage.  Within  thefe 
ropes,  the  load  H  is  placed  on  a  common  ftep-ladder  I,  that 
forms  an  inclined  plane«  up  which,  by  turning  the  winch,  the 
ropes  are  wound  upon  the  barrels }  and  thus  the  load  is  raifed 
into  the  carriage. 

.KK,  the  frame,  intended  to  flitw  the  part  of  the  cart,  or 
other  carriage,  on  which  the  machine  is  to  be  occafionally 
placed. 

The  whole  of  the  barrels  and  cogged  wheels  are  contained  m 
an  iron  box  L}  the  fides  of  which  arc  reprefented  in  tb<;  plate^  a$ 

VOL.  ii«  H 
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talkoa  oH,  In  order  that  the  stfraogement  df  the  different  parts 
ma?  be  better  conceired. 

The  pulleys  on  the  ftage  (GG)  may,  In  moft  cafes,  be  aflSxed 
to  the  machine  itfelf ;  which  is  adapted  ta  every  dirCK^iion,  and 
wiU  fnit  carriages  of  every  conflruAion. 

The  model  correfponding  to  the  prefent  engraving  is  made  on 
die  fcaie  of  about  four  inches  to  a  foot ;  and  the  inventor  Aates> 
that  it  will  raife  upwards  of  five  cwt, — He  is  therefore  confident, 
that  his  machine^  when  conftru£ted  of  its  intended  fi^se,  will  be 
capable  of  loading  a  ton  weight  by  ofte  man  only;  and  that,  even 
upon  this  enlarged  {dan,  it  does  not  exceed  i  lalb.  in  weight* 

The  Society  of  Arts  in  1797  awarded  40  guineas  to  Mr.  Davis, 
for  this  uieful  invention. 

LOCK,  a  well-known  inftrument  ufed  for  faftening  doors, 
chefts,  5cc.  generally  opened  by  a  key.  '1  he  lock  is  reckoned 
the  mafter- piece  in  fmithery  ;  a  great  d^al  of  art  and  delicacy 
being  required  in  contriving  and  varying  the  wards,  fprings, 
boks}  &c.  and  adj lifting  them  to  the  places  where  they  are  to  be 
ufed,  and  to  the  feveral  occafions  of  ufing  them.  From  the 
various  ftrufiufe  of  locks,  accommodated  to  their  different  in-^ 
tentions,  they  acquire  various  names.  Thofe  placed  on  outer 
doors  are  called  Jlock  lochs i  thofe  on  chamber-doors,  ^^ff^-Zorit/,- 
thbfe  on  trunks,  trunk- locks ^  pa4locksy  &c.-^Of  thefe  the  fpring- 
jbck  is  the  moft  confiderable,  both  for  its  frequency  and  the 
curiqfity  of  its  ftruAure.  Its  principal  parts  are^  the  main^Iate, 
the  cover-plate,  and  the  pin-hole :  to  tne  main-plate  belong  the 
key^hole,  top-hook,  crofs-wards,  bolt-  toe  or  bolt-  knab,  drawback* 
fpring  tumbler,  pin  of  the  tumbler,  and  the  ftaples;  to  the  cover* 
plate  belong  the  pin,  main-ward,  crofs-ward,  ftep-ward  or  c^^p»r 
ward  %  to  the  pin-hole  belong  the  hook-ward,  main  crofs^ward, 
ihank,  the  pot  or  bread,  bow- ward,  and  bit. 

The  principle  on  which  all  locks  depend  is  the  application  of 
Vk  lever  ta  an  interior  bolt,  by  means  of  a  communicatipn  from 
without ;  fo  that,  by  means  of  the  latter,  the  lever  aiSls  upon 
the  bolt,  and  moves  it  in  fuch  a  manner  as  to  fecure  the  lid  or 
door  ftom  being  opened  by  any  pull  or  pu(h  from  without.  The 
fecutity  of  locks  in  general  therefore  depends  on  the  number  of 
impediments  m«6  can  interpofe  betwixt  the  lever  (the  key)  and 
the  bolt  which  fecures  the  door;  and  thefe  impediments  are  well 
knouii  by  the  name  of  ivards^  the  number  and  intricacy  of 
which  alone  are  fuppofed  to  diilinguiih  a  gOQd  lock  from  a  bad 
one*  If  thefe  wards,  however,  do  not  in  an  efFe^lual  manner 
preclude  the  accefs  of  all  other  inftruments  befides  the  proper 
key,  it  is  ftill  pofliblc  for  a  mechanic  of  equal  ikill  with  the  Jock- 
maker  to  open  it  without  the  k£?^|  and  |hus  to  elyde  the  labour 
of  the  other, 
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The  ekcetlence  of  locks  confifts  in. the  fecurity  they  afibrd*;  i 

and  as  numberlefs  fchemes  are  continually  brought  forward  by 
defigning  men,  to  elude  every  contrivance  of  the  moft  inge* 
nious  mechanics,  the  invention  of  a  durable  lock,  fo  C0nftru£le4 
as  to  render  it  i>npoflible  for  any  perfon  to  open  it  without  its 
proper  key,  has  ever  been  an  object  of  confiderable  import- 
ance. 

In  the  year  1784  the  Society  for  the  Encouragement  rf  Art^ 
&c.  conferred  their  filver  medal  on  Mr.  Taylor,  of  Pctwortb^ 
for  his  improvement  on  the  latch  or  fpring-bolts  of  common 
locks.  This  is  efFe£)ed  by  (imply  reverqng  the  tumbler,  fo  that 
its  curved  fide  a£ts  againft  two  ftubs  fixed  on  the  tail  of  the  latch, 
and  thrufts  back  the  latter  with  eafe ;  whether  the  knob  be 
turned  to  the  right  or  to  the  left,  when  the  lock  is  opened,  Mr* 
Taylor -has  alfo,  behind  the  tail  of  the  latch,  fixed  a  guide  con- 
taining a  groove,  in  y^hich  runs  a  {tmA  friBion-nvheel^  that  fervef 
to  keep  the  }atch  in  its  diredl  fituation,  and  at  the  fame  time  to 
diminiih  its  fridion :  the  arms  of  hid  tumbler  are  fomewhat 
contra^ied,  in  order  that  the  latch  or  fpring-bolt  may  move  with 
greater  facility.  By  this  conflru£tion,  the  parts  of , the  tumbler 
and  latch,  which  are  in  cpntadl,  move  in  a  line,  io  that  they  pafs 
over  the  greateft  fpace,  under  the  fmalleft  angle;  and  the  lock  it* 
felf  may  be  conftantly  ufed  for  feveral  years^  without  requiripg 
the  application  of  oil. 

Various  patents  have  been  obtained  for  the  conftrudion  of 
locks,  fo  as  to  prevent  the  poflibility  of  picking  them :  the  prin-' 
cipal  of  thefe  is  Mr.  Bramah's,  regiftered  in  1784^  and  Mr. 
Spears's,  in  1795;  ^"^  ^^  ^'^  account  of  thofe  inventions 
vould  be  unintelligible  without  the  aid  of  feveral  engravin^s^ 
the  curious  reader  will  confult  the  5th  and  8th  vols*  of  me 
Repertory  of  Arts  and  ManufadlureSy  where  they  are  minutely  fpe« 
dned. 

MANGLE,  a  valuable  domeftic  machine,  employed  for  the 
purpofe  of  fmoothing  fuch  linen  as  canhot  be  conveniently 
ironed. 

Various  patents  have  been  granted  for  improvements  in  this 
ftiachinery ;  but,  as  they  are  not  expired,  and  too  complicated  to 
be  onderliood  withotit  very  tedious  details,  we  have  annexed  the 
figures  in  pi.  XII.  reprefenting  an  improved  mangle  contrived 
by  Mr.  Jee,  of  Rotherham  \  to  whom  the  Society  for  the  En- 
couragement of  Arts,  &fc.  in  1 798,  votefd  their  filver  mcdal9  fot 
the  ingenuity  difplayed  on  that  occafion. 

The  following  is  a  defcription  of  Mr.  Jee's  improved  mansle : 

A  (fig.  5.)  points  out  the  great  wheel,  which,  in  machines 
of  a  foil  fize^  IS  15  inches  in  dimeter.    B,  the  arbor^  on  which 
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the  nut,  C,  Is  fixed.  D,  the  handle  of  the  winch.  £,  the  cnmlr, 
2 1  inches  in  length.  F>  the  rod  of  the  crank.  GG,  reprefents 
the  hollow  ftuds,  by  which  the  ends  of  the  bed  are  lilted  np. 
HHy  the  levers.  Hit.  the  four  pulleys  fixed  on  the  moveable  bed 
K.     LL,  the  ends  of  the  rollers. 

Fig.  6.  reprefents  a  front  view  of  one  of  the  hollow  ftuds 
G,  to  (hew  its  form,  when  (landing  at  the  end  of  the  bed ; 
and  into  which  the  levers  enter  alternately,  as  often  as  it  becomes 
neceflary  to  elevate  the  bed,  in  order  to  put  in,  or  take  out,  the 
rollers. 

Mr.  Jee's  mangle  is  fo  cooftru6ied,  that  the  handle  requires 
to  be  turned  one  way  only,  in  confequence  of  which  the  ma- 
chine moves  with  greater  facility,  and  with  incomparably  lefs 
injury  to  the  linen,  than  by  varying  the  turnings,  and  in  a  man- 
ner cutting  the  different  folds.  Befides,  it  pofleffes  the  great 
advantage,  that  a  woman  and  one  boy  are  fufficient  to  work  it, 
and  can  perform  as  much  labour  in  the  fame  period  of  time 
as  three  or  four  perfbnd  with  mangles  of  the  common  con- 
'  ftruflion. 

TAe  machine  at  MARLY,  being  fo  much  celebrated,  on  ac- 
count of  its  magnificence  and  the  multiplicity  of  its  parts,  we 
(hall  here  give  fome  account  of  it,  with  a  few  remarks  upon  itt 
conftrufboo. ' 

This  machine,  which  was  ere£ted  by  one  Rannequ\n^  of  the 
country  of  liege,  and  began  to  work  in  1682,  is  fituated  be- 
tween Marly  and  the  village  de  la  Chaufsie :  in  that  place  the 
river  is  barred  up,  partly  oy  the  machine  and  partly  by  a  dam 
which  keeps  up  the  water ;  but  that  the  navigation  may  not 
be  interrupted,  two  leagues  above  Marly  a  canal  has  been  cut 
for  the  pafiage  of  boats  and  barges  :  there  has  alfo  been  ere£led 
(about  30  fathoms  from  the  machine)  a  contrivance  called  an 
ice-breaker^  to  prevent  floating  pieces  of  ice  or  dmber  which 
.  come  down  the  ftream  frpm  damaging  the  machine ;  and  the 
better  to  fecure  the  penftocks  and  the  channels  in  which  the 
wheels  move,  there  is  a  grate  of  timber  to  ftop  whatever  may 
come  through  the  ice-breaker. 

The  water  is  raifed  to  its  deftined  height  by  means  of 
14  wheels  wliich  ferve  to  work  the  pumps,  by  three  different 
llagcs:  firft,  from  the  river  to  a  refervoir,  at  the  elevation 
of  1 60  Englifh  feet  above  the  level  of  the  Seine  \  then  to  a 
fecond  refervoir,  346  feet  higher ;  and  from  the  latter  to  the 
fummit  of  a  tower  rather  more  than  533  feet  above  the  river. 

The  breadth  of  the  machine  comprehends  14  gets,  or  water* 
courfes,  (hut  by  fluices  or  penftocks,  which  are  raifed  and  de*> 
prefled  by  racks ;  and  in  each  of  theife  gets  is  placed  a  wheel  t 
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thefe  wheek  are  difpofed  on  three  lines ;  in  the  firft,  on  the  fide 
which  points  up  the  dream  there  are  feYen,  fix  in  the  fecondi  and 
only  one  in  the  third. 

The  ends  of  the  axle  of  each  wheel  go  beyond  their  bear- 
ing pieces,  and  are  bent  into  a  crank,  which  makes  a  lever  of 
two  feet  \  and  it  is  to  be  obferved,  that  the  crank  which  is  to* 
wards  the  mountain  fucks  and  lifts  up  the 'water  of  the  river,  to 
drive  it  into  the  firft  ciftem,  and  the  other  crank  gives  motion  to 
the  balances. 

Six  of  the  wheels  on  the  firft  line  give  motion  by  one  of  their 
cranks  to  an  engine  of  eight  pumps,  without  reckoning  the 
feeder :  thefe  engines  are  compounded  of  a  regulator,  at  each 
end  of  which  hangs  a  fquare  piece  of  wood,  that  carries  and 
direSs  four  piftons;  the  regulator  is  put  in  motion  by  two  beams 
or  leaders,  one  of  which  lying  along  anfwers  to  the  crank  of  the 
wheel  ,and  a  vertical  regulator,  and  the  other  hanging  down  is 
united  to  the  fame  regulator  and  to  the  balance. 

Of  the  fix  wheels  we  have  mentioned,  there  are  five  whidi 
by  their  other  crank  give  motion  to  the  pumps  that  work  in 
the  ciftern  of  the  firft  lift,  by  means  of  horizontal  levers  and 
chains  that  communicate  the  motion.  The  fixth  wheel,  which 
is  the  firft  towards  the  dam,  moves  a  long  chain  that  works 
the  pumps  of  one  of  the  wells  of  the  upper  ciftern,  which  is 
called  the  ciftern  of  the  great  chtvakts.  Each  of  the  cranks  of 
the  feventh  wheel  of  the  firft  line  moves  a  chain  which  goes  to 
the  firft  ciftern. 

The  fix  wheels  of  the  fecond  line  move,  by  each  of  their 
franks,  a  chain  that  goes  to  the  upper  ciftern,  which  (reckoning 
the  chain  that  comes  from  the  fixth  wheel  of  the  firft  line)  makes 
13  chains.  Thefe  chains  go  over  one  of  the  ciftems  of  the  firft 
lift  J  and  five  of  them  at  the  fame  time  give  motion  to  the  piftons 
of  thirty  pumps,  whilft  the  other  chams  go  on  ftraight  to  the 
upper  ciftern* 

Laftly,  the  wheel  which  is  on  the  third  line,  by  each  of  its 
cranks,  works  an  engine  of  eight  fucking  and  lifting  pumps,  and 
of  Itfelf  fupplies  one  conduit  pipe. 

The  {even  chains  of  the  wheels  of  the  firft  line  in  going  along 
work  alfo  eight  fucking  pumps  placed  a  little  below  the  ciftern 
of  the  firft  lift,  becaufe  in  that  place  there  are  the  waters  of  a 
confiderable  fpring  brought  thither  by  an  aqueduct ;  and  thefe 
fame  chains  take  up  that  water  the  fecond  time  to  force  it  by 
49  pumps  into  the  upper  refervoir,  through  two  conduit  pipes 
o£  eight  inches,  and  three  others  of  fix  inches  diameter.  The 
thirty  pumps  of  the  ciftern  of  the  firft  lift  drive  their  water  alfo 
through  two  pipes  of  eight  inches  diametOTi  which  carry  it  inta 
ih^  upper  ciftern. 
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The  v»tcir  nifed  tt  the  two  ciftetns  in  the  ^ay  up  tjfie  hiti 
difcharscs  itfelf  into  a  great  refervoir,  and  thence,  by  two  conduit 
pipes  of  a  foot  diameter  each,  it  runs  into  refervoirs  of  commu- 
tncation  to  be  diftributed  into  the  feveral  wells  or  little  ciftern^ 
of  the  upper  ciftem,  -whence  it  is  raifed  by  82  pumps,  through 
€  conduit  pipes  of  8  inches  diaineter,  up  into  the  tower  which 
Mifwers  to  the  aqtiedud. 

The  eight  great  chains  that  go  ftraight  to  the  upper  ciftemi 
without  moving  any  engines  by  the  way,  work  16  pumps  behind 
the  upper  ciftern,  to  bring  back  into  the  refervoir  of  the  faid 
ciftem  the  virater  which  is  loft  out  of  the  fix  pipes  that  go  to  the 
lower. 

The  eight  engines  which  fuck  and  lift  the  water  from  the 
mer  contain  64  pumps :  the  two  cifterns  in  the  way  tip  the  hill 
together  contain  79  pumps,  and  the  upper  ciftemis  82,  to  which 
mddhig  the  fucking  pumps  called  feeders,  and  the  8  others  which 
are  below  the  midway  ciftern,  and  befides  the  16  pumps  which 
9re  mentioned  as  placed  behind  the*  upper  ciftern,  the  machin0 
has  in  all  253  pumps. 

The  bafin  of  the  tower  which  receives  the  water  raifed  frotn 
the  river,  and  fupplies  the  aqUedud,  is  610  fathoms  diftant 
from  the  river."  The  water  having  run  along  an  aquedud  of 
36  arches  is  feparated  intp  different  conduits  which  lead  it 
to  Marly,  and  formerly  conveyed  it  ^Ifo  tp  Ycrfailles  an4 
TrianQii. 

Such  is  the  mechanlfip  of  the  machine  of  Marly.  Its  meait 
produce  is  from  30000  to  40000  gallons  of  water  per  houn 
We  fay  mean  fwiuce,  becaufe,  under  cerfaii>  favolrrable  circumr 
ftances,  it  raifes  more  than  60000  gallons  per  hour.  But  during 
inundations,  or  when  the  Seine  is  frozen,  when  the  water  is  very 
low,  or  when  any  repairs  are  making,  the  machine  ftops  in  great 
meaiure,  if  not  entirely. 

The  annual  expence  of  the  machine,  including  the  falaries  of 
thofe  who  fuperintend  it,  and  the  "wages  of  the  workmen  em- 
ployed, together  with  repairs,  necefiary  articles,  &c.  inay  amount 
to  about  3300/.  fterling,  or  9/.  per  dayt  which  makes  about 
I  farthing  for  jK>  gallons.  Or,  taking  into  the  account  the  iur 
tereft  of  3330007.  the  original  expence  of  eredrion,  90  gallons 
wiU  coft  diree  halfpence,  which  ii  at  the  rate  of  a  farthing  fo^ 
15  gaHiMis^. 

*  This  18  yerjr  ^r  from  the  price  ^biph  the  king  of  Denmark  thought 
he  might  fet  on  this  water ;  for  that  prince,  when  he  vifited  Marly  in 
^769,  being  aftoniftied  at  the  immenle  magnitude  of  the  machine,  the 
orrakiplicity  of  ks  movmeats,  and  the  number  of  wcH-kmen  it  employed^ 
'^onjedured  that  the  water  probably  coft  as  much  as. wine. 


"WhoererJias  an  0fk{t4>rt«ii:ty  of  ex^ioiitg  tbis  machine,  er 
perufes  attentivelj  Hie  minute  account  of  it  given  by  Belidor  ia 
his  fecond  Tolume,  will  be  convinced  that  Rmneqmn  w^s  an  in- 
genious para&ical  macbanic,  but  no  mathcKiaticiaixi  or  phi|oi4- 
pher.  In  feveral  pofitions  the  moving  forces  aft  unoecei&ril^ 
obllqu^Ijry  which  occafioas  a  great  lo&  of  power,  and  reiui<^ 
the  machine  lefs  efieftoah  About  4v  o^  ^'^  whole  mevi^ 
power  of  ibme  of  the  water-wheels  are  employed  in  giving  a  ff -> 
ciprocattng  motion  to  a  fet  of  rods  and  qbaios,  .w)i{ch  eatfend 
from  the  wheels  to  the  ciliern  nearly  tharee^fourtha  of  a  Bi|)e 
diftanty  where  they  work  a  fet  of  pumps.  By  fuch  injudiciops 
conilruftion,  this  engine  is  no  lefs  a  moaameat  of  ignorsm^ 
ihan  of  magnificence. 

It  is  probable  Rannequin  thought  his  moving  fplte  woutj  ifn^t 
be  fufficient  to  raife  the  water  to  the  height  of  5 33  feelf  at  oai^ei 
but  this  is  not  agreeble  to  theory :  for  a  proper  icalc«b|ippa 
would  ihew  that  the  force  of  one  crank  is  jnore  than  fa^icie^t 
to  raife  a  cylinder  of  water  of  that  altitude^  and  above  S  ioohf  s 
in  diameter.  To  effeft  this  with  fafety^  however^  the  conftru^- 
tion  of  ^he  machine  muft  be  varied  in  ieverat  refpefts.'  .  B^t 
even  according  to  the  prefent  a>nftni£lion9  the  water  might  be 
raifed  in  one  jet  to  the  £econd  refervoin  This  is  manifeft  frp^ 
two  experiments,  one  made  in  17389  and  the  fothet  in  1775*  In 
the  firft  M.  Camus  endeavoured  to  nuike  the  w:ater  rife  ia  one 
jet  to  the  tower :  his  attempt  was  not  attended  with  fuccefs ;  Wt 
he  made  the  water  rife  to  the  foot  of  the  lower>  which  is  co4i«*> 
fiderably  higher  than  the  fecond  refervoin  During  this  txfc^ 
'Xnent  the  machine  ws^  prodigiouily  ftrained>  and  it  was/outKl 
neceflary  to  fecure^fome  parts  of  it  with  chains.  The  ol^eA 
of  the  fecond  trial,  made  in  i775»  ^^^  ^^  ^^^^^  '^^  water  on^^ 
to  the  fecond  well.  It  indeed  afcended  thither  at  different  tim^> 
and  in  abundance  \  but  the  pipes  were,  exceedingly  ftrained  ^t 
the  bottom,  fo  that  feveral  of  them  burft  \  and  it  was  neceffaqr 
to  fufpend  and  recommeiKe  the  experiment  (everai  times.  This 
however  arofe  from  the  age  of  the  tube^  and  their  waat^f 
ftrength,  a  fault  which  might  eafily  have  been  remedied.  H^iu^f , 
it  relults  from  this  trial,  (hat  the  chains  which  .proceed  Uovfk  t^ 
river  to  the  iirft  well  might  be  fupprefied,  toget^r  with  the  fir/t 
well  itfclf ;  and  thi.>  perhaps  is  all  that  is  to  be«;^?Aed  withp^t 
a  complete  change  in  the  machinery. 

MILL)  properly  denoted  a  machine  tor  griftdiag,  or  pulverifiqg 
fubftances,  as  corn,  &c.  j  but,  in  a  more  general  iignific|ktioB)  ts 
now  applied  co  many  machines  whofe  adion  arifesin  great  mea« 
fure  from  a  circular  motion.  Of  thefc  there  are  variou^a  kinds 
defg^ib^d  in  diSNr^at  p^'hft  «if  ^his  vQlacaej^  as  BarhfoiU^  Bsrii^t 


y 
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^mill^  Plax'fmlly  Fkur-mUf,  FM-mHl^  Naui-'millf  KtiMdifig-tnUl^ 
diZ-fniJ/,  Paper-tniliy  Saw-miU,  Tide-mill^  Waiir-milii  t^c 

As  a  well?conftni£ied,  yet  cheap^  fknttly-mill  cannot  but  be 
highly  ufeful  in  many  parts  of  the  couiltry,  ib^  (hall  here  pre* 
fent  a  defcription  of  the  Famify^ffiiU  and  Bolter  of  Mr.  T. 
Raftall,  of  Purbrook-heath,  near  PoTCftnouth,  who  received 
a  premium  of  40  guinea?  from  Ae  Society  of  Arts  for  his  in- 
vention^. 

!n  pi.  XX,  fig.  4.  A,  is  the  handle  of  the  mill;  B,  one  of 
the  mill-ftoneS)  which  is  about  30  inches  in  diameter,  and 
5  inches  in  thicknefs,  moving  with  its  axis  C :  D,  is  the  othchP 

-  mill^ftone,  which>  when  in  ufe,  is  ftationary  ;  but  which  may 
be  placed  near  to>  or  at  a  diftanc^  from,  the  moveable  ftone  B, 
by  means  <rf'  three  fcrews  palfing  thr6iigh  the  wooden  block,  £, 
that  fupports  one  end  of  the  axis  C;  after  it  has  been  put 
through  a  hole  or  perforation  in  the  bed  ftone.  The  ^m 
Hkewife  pafles  through  this  perforation  fi^m  the  hopper  F, 
into  the  mill.  F,  reprefents  the  hopper,  which  is  agitated  by 
two  iron  pins  on  the  axis  C,  that  alternately  raife  the  veflel  con- 
taining the  grain,  which  again  finks  by  its  own  weight.  In 
confequence  of  this  motion  the  corn  is  conveyed  through  ^ 
fpout  that  paffes  from  fuch  hopper  into  the  centre  ot  the  mill 
behind,  and  through  the  bedftone  D.  G,  a  paddle,  regulating 
the  quantity  of  corn  to  be  delivered  to  the  mill ;  and,  by  raifing 

-  or  lowering  which,  a  larger  or  fmaller  proportion  of  grain  may 
be  furniflied :  H,  the  receptacle  for  tne  flour,  into  which  it 
falls  from  the  mill-ftones,  when  ground :  I,  reprefents  one  of 
the  two  wooden  fupportcrs  on  which  the  bedftone,  D,  refts. 
Thcfc  are  fcrewed  to  the  block  E,  and  likewife  mortifed  into 
the  lower  frame*work  of  the  mill  at  K,  which  is  conneded  by 
means  of  the  pins  or  wedges  L,  L>  L,  that  admit  the  whole  miU 
to  be  cafily  taken  to  pieces:  M,  a  fly-wheel,  placed  at  the  furthelt 
extremity  of  the  axis  C,  and  on  which  another  handle  may  be 
eccafionally  fixed  ;  N,  a  fmall  rail,  ferving  to  keep  the  hoppeip 
in  its  place ;  the  furtheft  part  of  ftich  hopper  refting  on  a  imall 
pin,  which  admits  of  fufficient  motion  for  that  vefiei?  to  fhake 

-  forward  the  corn :  O,  a  fpurrrail,  for  ftren^thenin|  the  frame- 
work  of  the  mill;  P,  the  front  upright,  that  is  mortifed  into  the 
frame- work,  and  ferves  as  a  reft  for  the  end  of  the  iron  axis  C, 
which  is  next  to  the  handle.  On  each  extremity  of  fuch  axi^ 
there  is  a  flioulder,  which  keeps  it  fttady  in  its  place.  Laftly, 
fbere  is  a  cloth-hood  fixed  to  a  broad  wooden  hoop,  which  is 

'  *  Afir.  Ruftall  engages  to  furai(h  the  whole  apparatus,  and  deliver  it 
'^ee  of  carriage^  ia  LondoOf  for  the  moderate  price  of  twfnt/  gumeai* ' 


placed  over  the  ftoiiea'^htk  working)  to  prevtbnt  the  finSr  pahi- 
cles  of  flour  from  ^ftaping. 

Fig*  5.  reprefents  (be  boker,  with  its  front  remoyed,  in  order' 
^  difplay  its  interior  ftrudure ;  the  machine  being  3  feet  10 
inches  in  length,  19  j-  ipches  in  breadth,  and  18  inches  in  depths 
A^  is  a  moveable  partition,  Aiding  about  four  feet  backwards  or 
forwards,  from  the  centre  of  the  box,  upon  two  wooden  ribs^ 
which  are  fixed  to  the  back  and  front  of  die  box,  and  one*of 
which  is  deKneated  at  the  letter  B  ;  C,  the  lid  of  the  bolter,  re* 
prefented  open;  D,  a  Aider,  which  is  moveable  in  a  groove  made 
in  the  lid,  by  means  of  two  handles  on  the  ^^A  of  ftich  lid  ;  :S, 
a  forked  iron,  fixed  in  the  Aider  D,  and  which,  when  the  lid  is 
(hut,  takes  hold  of  the  edge  of  the  fieve  F,  and  moves  it  back- 
wards and  forwards  on  the  wooden  ribs  B,  according  to  the  agi*? 
tation  of  the  Aider ;  6,  reprefents  a  fixed  partition  in  the  lower 
centre  of  the  box,  which  it  divides  into  two  parts,  in  order  tb 
feparate  the  fine  from  the  coarfe  flour ;  from  tliis  partition  the 
Aider  A  moves  each  way  about  four  inches,  and  thus  a  fiord's 
room  for  working  the  fieve  :  H,  a  board  that  is  parallel  to  the 
bottom  of  the  bolter,  and  forms  part  of  the  Aider  A ;  this  board 
ferves  to  prevent  any  of  the  fifted  matter  from  falling  into  the 
other  partition :  I,  reprefents  two  of  the  back  feet,  which  fuppprt 
jhe  bolter. 

Fig.  6.  of  the  plate  above  mentioned  b  a  view  of  tht  top,  or 
upper  part,  of  the  lid  of  the  bolter ;  K,  the  Aider  that  moves  the 
lengthwife  of  the  bolter ;  L,  L  the  handles  by  which  the  Aider  is 
worked ;  M,  a  fcrew,  ferving  to  hold  the  fork,  which  imparts 
motion  to  the  fieve. 

Fig.  7.  reprefents  the  forked  iron,  E,  feparately  from  thfe 
lid. 

Both  the  mill  and  bolter  niay  be  conRruded  at  a  moderate 
expence,  and  they  occupy  only  a  fmall  fpatJe  of  ground.  Tfce 
former  may  even  be  worked  in  a  pubKc  kitchen,- or  within  a 
room  in  a  farm-hpu£e,  withoilt  occafioh'ing^ani^  great  income 
prance.  .,..,.  .   •    - .  *♦ 

The  particular  exceiience  of-the-miU/confifts  in  this  circum'*^ 
fiance,  that,  from  the  vertical  pofition^Of  its^^ftones,*  it  maybe 
put  in  a£^ion  withoutthe  intervention  ofcogs  or  wheels.  It  may 
be  employed  in  the  grinding  of  malt^^the  btuifing  of  oats- 'for 
horfes,  and  for  niakiilg  flour,  or  for  all  thefe  purp^ifcs  :  it  may 
likewife  be  eafily  altered,  fo  as  to  grind  eitberof  tfattfe  articieitp 
a  greater  or  kfs  degree  of  finenefs.  *     < 

Another  advantage  peculiar  to  Mr.  Ruftall's  contrivance  is^ 
that  one  man  is  fumcient  to  work  it ;  though^  if  'two  peribns^ 
fiamelyj  a  mau  and  a  boy>  be.employedji  they  will  be  able  to 
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l^rodttce^  in  the  courfe  of  tv(FO  hours,  2  quantity  of  iaat  fn^ 
ficient  ta  ferve  a  fanuly,  confiiling  of  fix  or  eight  peribssy 
for  a  whole  vreek: — ^repeated  fatisfaclory  trials  have  pioved^ 
(li.it  this  miI^  grinds  tl^  corn  completely,  and  at  the  rate  of 
one  bufhel  of  irheat  wkhin  the  hour.  Be{ide$»  the  imiaftri- 
OU&  farmer  Vfill  thus  be  enabled^  to  make  comparative  expert 
Bxnt»  on  the  quality  of  his  grain,  and  may  furniih  himlelfy 
at  a  trifling  cxpeilce,  with  flour  from  his  own  wheat,  with- 
out apprehending  any  adulteration ;  or  without  being  ezpofed 
tiO  the  impofuionsy  or  caprice^  of  fratkiulent  and  avariciotts 
aiill«rs. 

Laftly,  though  Mr.R/s  boher  be  more  particularty  catculated 
for  fifting  ilour,  it  may  alio  be  applied  to  various  other  ufeful 
purpcies,  and  efpecially  with  ariew  to  obmte  the  inconveniences 
Bcccfiarily  attendant  on  the  levigation  of  noxious  iubftanceSy  and 
to  prevent  6he  wafte  of  their  finer  particles* 

'ilie  fu^ect  of  mill- work  has  engaged  the  attention  of  many 
authors  in difierent  countries:  the  folfo^ing  is  a  catalogue  of  the 
chief  writings,  both  theoretical  and  defcriptive.  '  ' 

K'inflliche  abrifs,  allerband  wafFer-  wind-  rofs-  mkl  hsmd* 
jDuhlen,  &c.  von  Jacob,  de  Strada  h  Ro/berg^     1617^ 

Georg  Chriftaph  Luerner  Maohina  loreutica  nova^  oder,  bef* 
chreibung  dcr  neu  erfundcnen  Drehmiihkn.     id6i» 

Theatrum  machinarum  rKsvum}  das  ift^  neu  vermehrter 
SchklupUtz  der  mechanifchen  Klinfte,  handek  von  aikrhand 
waiter-  wind-  rof&-  gewicht-  und  hand-  muhleoA  Von  Geo»  And^ 
Bockhrn,     i66n 

Contenta  difcurfus  mechanici»  concernentis  defctipboiiein 
opfimse  form^  velorum  horizontal ium  pro  ufu  znolarumy  nee 
non  fundamentum  incKnatorum  velorum  in  navibus,  habita 
.coram  Societatc  Regia,  a  R.  H.'tra.nilata  es  coUefiiombuB  pbik>- 
fophicis  M.  Dec.  num.  3.  pa.  61.     16&1. 

Diffcrtatio  hiftorica  de  molis,  <}uam  pnefkle  Joh,  Phil.  Trtmr 
defend.  Jo.  ToB.  Miihlhrger  Ratifbonens.  Jenae.     169;. 

J/Jitrtin  MartMn\  Wilkundige  befchouwinge  der  wk>d — of 
wadermoolens,  vergekken  met  die  van  den  heer  J»bann  Lulafs^ 
Amfterdam.     1700.    , 

Voliriiindige  mUblen-baukunfi^Ton  Leoahard  Chrifioph^  StHTttk 

1718. 

Jatd  La^7ld*6  Theatrum  machinarum.     1 724,  1 72 J. 

Reaiarques  fur  les  aubes  ou  pallettes  des  moulins,  et  aatresk 
maciiinei*  mues  par  le  couraiu  des  rivieres.  Far  il/.  Pitat^ 
mem.  .-^cad.  Roy.  Paris.     1729. 

Job.  van.  Zyl  theatrum  machinarum  univer&lc  of  groo(  ai(^ 

l^meen  moolca-boQk^  ^c»    Ansitcrdain,    1 734* 
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^0.  CaraL  Totens  DifTer.  de  machinis  molaribus  optlme  coa^ 

Ih^cndis.     Lugd.  Batav.     1734* 

Kurze,  aber  de^tlich^  anweifung  ^ur  conftrud;ion  der  wind^ 

find  wafler-muhlen,  von  Gottfr.  Kinder  ling,     1735. 
jD^g-w/iVfj^s  experimental  philofophy.     I73J>  *744' 
ArchiteAurc  hydraulique,  par  Jf  Belidor.    1737*  '753- 
Part  of  a  letter  from  Mr.  W.  Anderfon,  F.  R.  S.  to  Mir, 

Paker^  F.  R.  S.  containing  a  defcription  of  a  water-wheel  for 

mills  invented  by  Mr.  Philip  Wii/iatm*    Phi|||Tranf.  vol.  44^ 

I74<S. 
Leonh,  Euleri,  De  conftruAione  aptii&ma  molarum  ala(arun| 

llifp*     Nov.  Com.  Acad.  Petrop.  tom.  4.  1752. 

Memoire  dans  lequel  on  dcmontre  que  Vezxi  d'une  chute 
deftinee  i,  faire  mouvoir  quelqoe  machinci  moulin  dU  autre^ 
peut  toujours  produire  beaucoup  plus  d'effi^t  en  agifiant^par 
fon  poids  qu'en  agifTant  par  fon  choc,  et  que  les  roues  a  pots 
c(ui  toument  tentement  produifent  plus  d'effet  que  celles  qui 
toument  vite,  relativemcnt  aux  chutes  ct  aux  dcpenfes.  Par  M» 
^<p  PflrnVwx,  Acad.  Roy.  Paris.     1754. 

yo.  Alberti  Etfleri  Enodatio  queltionis :  quo  modo  vis  aqnse 
aliufve  fiuidi  cum  maxkno  lucro  ad  molas  circumagendas,  aliave 
ppera  perficienda  impendi  poffit,  praemio  a  focietate  Regia.  ^ci» 
Gotting.     17J4. 

Recherches  plus  exades  (iir  Teflet  des  moulins  \  ventj  par 
M.  Euler.    Hift.  Acad.  Roy.  Berlin.     1756. 

An  experimental  enquiry  concerning  the  natural  powers  of 
wind  aqd  water  to  turn  mills  and  other  machines  depending  09 
fi  circular  raotioi).     By  Mr.  J.  Smeaton/S.  R«  S^     Phil.  Tranf. 

1759- 
[Ahftrafts  of  this  ^tid  Mr.  Smeaton*s  other  papers  on  water 

and  wind  mills  have  been  given  in  book  iv.  of  our  firft  volume^ 

and  the  Introdu&ion  to  this.     "^1  hey  were  colie£ted  and  pub* 

liihed  by  Taylor,  Holborn,  in  1 794.] 

Memoire  dans  lequel  on  prouve  que  les  aubes  des  roues  mue; 
par  les  courans  des  grandes  rivieres  feroient  beaucoup  plus 
d'effst  fi  elles  ftoient  inclinees  aux  rayons,  qu'elles  ne  font  6tant 
appliqu6es  contre  les  rayons  memes,  comme  elles  le  font  .aux 
moulins  pendans  et  aux  moulins  fur  bateaux  qui  font  fur  les 
yivieres  de  Seine,  de  Mame,  de  Loire,  &c.  Par  M,  de  Parcieux^ 
mem.  Acad.  Roy.  Pari^.     1759« 

JoL  Albert  Euhr^s  A^bhandlung  von  der  ^wegvng  ebener 
flachen,  wenn  fie  vom  winde  getrieben  werden.     1765. 

Schauplatz  des  mechanifcnen  mlihlenbaues,  darinnen  von 
verfchicdenen  hand-  trett-  rofs-  gewicht-  wafler-  und  wind- 
"miihlen  gehandelt  v^ird,  durcl^  Johamt  Georg  Scopp  I.  C.  itcf 
Theil.    1766.  - 
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Tlieatrum  machinarum  molarium,  oder  fchauplatz  dcr  mil-* 
filcnbaukunft.  als  der  neunte  theii  von  des  fel  bra  Jac,  Leupoids 
t&eatro  m^ichinaruin,  von  yoh*  Mathias  Beyern*  1767,  ly^B^ 
1S02. 

A  memoir  concerning  the  mod  advanrageons  con(lru£^ion 
of  water-wbeels,  tkc.  by  Mr*  Aldlet  of  Geneva.    Phil.  Tmns* 

1767. 

M^moSre  fur  les  roues  hydrauliques,  par  M.  le  Chevalier  df 
Jporday  mem.  A^d.  Roy.  Pari^.     1767. 

Kurzer  unternclit,  allcrley  arten  von  wind-  und  waiTer-  miihlen 
tiif  die  vorthetlhaftede  weife  zu  erbaiien,  nebft  einigen  gedanken 
fiber  die  verbeflerimg  des  r^dervi^erks  stn  den  mlihleni  von  Jab, 
Kb'nig,     1 767, 

Gt  G.  Bifchcff*s  Beytrage  zur  mathefis  der  fnuhlen.     1767. 

Surla  pofikion  des  ailes  des  mouHns  \  vent,  jyAUmber^ 
Opufp.  mathema.  torn.  5.     1768- 

Determination  generalc  de  I'efFet  des  roues  m&os  par  Ic  chop 
^  I'eap,  par  M  Fabbe  Bojfut^  mem.  Acad.  Roy.  Paris.     1769. 

Andreas  Kaavenh^fer^  DeutHche  s^bliandlung  von  den  raden| 
der  wafiern^lihlen^  und  von  dem  einrandigen  werke  der  fchnei* 
dcmlihlen.     1770. 

Manuel  du  meunier  et  du  charpentier  des  pioulins,  redige  pa;* 
Udm.  BequilUU     1 775. 

Riemarques  fur  les  moulins  ^  vent^  par  M^  Lambert. 

Remarques  fur  les  moulins  et  autres  machineS|  ou  Teat} 
tombe  en  deffud  de  la  roue,  par  Af,  Lambert^ 

Experiences  et  remarques  fur  les  moulins  que  Teau  meut  par 
en  bas  dans  un0  direction  horizontale,  par  M,  Lambert, 

Remarques  fur  les  moulins  et  autres  machines  dont  les  rouea 
prcnnant  I'eau  %  une  certaine  hauteur,  par  M.  Lambert. 

[The  lafl:  four  articles  are  inferted  in  Menv  Acad.  Roy^ 
Berlin.     1775.] 

Of  the  degrees  and  quantities  of  winds  requifite  to  move  the 
heavier  kinds  of  wind-machines,  by  *John  Stedniann^  M.  D.  Phil. 
Trans.     X777« 

Ausfuhrliche  erklKrung  der  vorfchlage  fUr  die  langere  dauer 
der  muhUnwerks,  nebil:  ahnlichen  gegenftandeti,  in  ein  gefpracl^ 
verfaiTety  von  J<ihann  Chriflian  FuUmann^  Miihlenmeiften  1780. 

Obfervations  theoriques  et  experimentales  fur  Tefiet  des 
moulins  a  vent^  et  fur  la  figure  de  leurs  aifes^  par  AL  Coulumb^ 
mem.  Acad.  Roy.  Paris.     1781. 

Tratado  de  los  grands  y  mpdo  de  molerlos  con  economia,  d^ 
la  confervaciQu  de  aftos  y  de  las  hartnas;  efcr.  en  Fr.  par  M. 
Beguillety  y  extradlf  y  trad,  al  Caft.  con  algunnotas  y  un  fupplem« 
jfot  Pk- Jrlarefcau/cbi.     Sl^adrid.     1786. 

^uite  4^ Tarchitefture  bydraulique^  par  Af.  Fabrre^  il^A» 


C0icavi  Mutter.  >  t5% 

Memolres  fur  Ics  moyens  de  perfedionner  les  mourmsi  e^  la 
moisture  economique,  par  C  £f/(r^/x^*     1786. 

Manuel  ou  vocabulaire  des  moulins  a  pot.    A  Amft.  i  yS^^ 

Die  nothigften  kenntnifle  zur  anlegung,  beurtheilung  und 
berechnung  der  waffermUhlen,  und  zwar  der  mahl-  oehl-  und 
sage-  rauhlen^  sUr  anfanger  und  liebhaber  der  miihlenbaukuiifi^ 
Yon  Joh,  Chrjft.  Huth.     1787. 

.   An  cflay  proving  iron  far  fupcrior  to  (tone  of  any  kind  for 
breaking  and  grinding  of  com,  &c.  by  W>  Walton.     1788. 

Miihienpraktik,  oder  unterricht  in  dcm  mahlen  der  brod« 
fnichtCi  f lir  polizeybeamt^,  gaverkfleute  und  haufwirthe,  voa 
Zr.  PA.  Hahfu     1790. 

The  young  millwright  and  miller's  guide,  by  Oliver  Evans* 
Philadelphia.     1790. 

.    Manuel  du  mefinier  et  du  €onftru£teur  des  moulin6  ^  ea«  et 
a  grains,  par  C  Bucquetm     179I- 

Praktifche  anweifung   zum  mlihienbau,  von   Lr*  Claufen. 

Befchreibung  zweir  mafchinen  zur  reinigung  des  korns,  v<Mi 
Xr.  Claufett.     '792- 

Inftruciions  fur  I'ufage  de«  moulins  a  bras,  inventes  et  per* 
feAionnes  par  les  Citoyens  Durand  pere  et  fils,  m^canicien&i 

1793- 
TheoTetifch-praktilcbe  abhandlung  liber  die  beflerung  4er 

muhlrader  von  dem  verfafler  der  zweckm'dfligen  luftreiniger^ 

&c.     1795. 

A  treatife  on  mills,  in  four  parts,  by  Jot^n  Banks.     179$- 

Handbuch  der  mafchinenlehre,  fur  praktiker  und  akademifdie 
lehrer,  von  Karl  Chri/tian  Langsdorf.     17979  i7S>9* 

On  the  power  of  machines:  including  BarkePs*mill,  Weft* 
^rth's  engine^  CooperVmill,  horizontal  ^water*wheel,  &c.  bf 
John  Banks,     itJo3. 

The  experienced  millwright,  by  Andrew  Gray,  millvtright:* 
i8o4« 

The  tranfadions  of  the  Society  of  Arts  and  Manufaduvesi 
(everal  of  the  volumes  of  which  contain  improvements  in  mill* 
work.    See  alfo  the  Repertory  of  Arts,  in  feveral  places. 

MULLERS  for  grinding  colours,  according  to  the  comitK)ii 
oonftriidion,  are  too  well  known  and  too  fimpie  to  need  a  par- 
ticular defcription  here.  But  Mn  Jan\es  Rawlinfon,  of  Derby^ 
has  invented  a  concave  muUer,  for  which  the  Society  of  Arts 
prefented  htm  a  (ilver  medal  and  ten  guineas,  on  account  of  its 
ingenuity.  He  has  ufed  his'  machine  for  feveral  years,  and  has 
found  it  much  more  efie£%ual  and  e^j^peditious  in  reducing  the 
oolour  to  extreme  Jinenefs  than  the  ufual  method,  and  mueb 
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lefs  injurious  to  the  health  of  the  workmani  who  frequently  hz$ 
done  as  much  with  it  in  three  hours  as  he  could  in  twelve  with 
the  muller  and  flab. 

The  machine  confifts  of  a  flat  cylinder  of  black  marble^  fix* 
teen  inches  and  a  half  diameter,  and  four  and  a  half  thicknefs, 
with  an  axle  travetfing  its  centre  (thus  fomewhat  refembling  a 
common  cutler's  grindilone).  It  is  fufpended  on  a  fimilar  framet 
in  a  vertical  poGtion,  and  turned  round  in  the  fame  manner  by 
a  winch :  a  concave  piece  of  marble  is  provided,  of  the  lame 
bfeadth  as  the  circular  (lone,  forming  a  fegment  of  the  fame  cir- 
cle one  third  of  the  circumference  in  extent:  this,  which  may 
be  conddcred'as  the  muller,  is  fitted  into  a  piece  of  folid  wood 
of  fimilar  (hape,  one  end  of  which  i»  fecur^^d  loofely  by  a  hinge 
or  dtherwife  to  the  frame;  the  other  end,  rifing  over  the  circular 
ftone  and  fupported  by  it,  is  further  prefied  down  on  it  by  a  long 
fpring  bent  over  from  the  oppofite  extremity  of  the  (land,  and 
regulated  as  to  its  preiTure  by  a  fcrew,  whofe  end  turns  againft 
the  concave  muller:  a  flight  frame  of  iron  in  front,  moveable 
on  a  hinge,  by  which  it  is  fecured  to  the  frame,  fupports  a  fcra- 
per,  for  taking  off  the  colour,  formed  of  a  piece  of  watch-fpring, 
which  is  turned  back  out  of  the  way  when  not  in  ufe*  Mr.  R. 
thinks  the  circular  grindftonea  might  be  made  much  larger  than 
that  he  ufed,  to  advantage,  and  tnat  one  of  two  feet  diameter 
would  not  occafion  too  much  labour  to  one  man  to  turn  it:  he 
Computes  that  in  his  machine  there  are  feventy  fquare  inches  of 
furface  of  the  concave  muller  in  conftant  work  on  the  painty 
while  in  the  common  muller  not  more  than  fixteen  fquare  inches 
are  ufually  in  contadl  with  the  flab.  The  machine  will  be  found 
equally  ferviceable  for  the  colours  ground  in  water  as  for  thofe 
prepared  with  oil,  accordizig  to  Mr.  R.,  who  highly  reeommenda 
its  ufe  to  all  colour  men- 

Mr.  R.  advifes,  in  making  up  the  colours  in  bladders,  to  in- 
fert  a  bit  of  quill  or  reed  in  the  neck  of  the  bladderi  which  will 
thus  bind  better  in  tying;  and,  admitting  of  a  fecure  ftoppeTy 
will  be  more  cleanly  and  lefs  wafteful  than  the  ufual  method  of 
ftopping  with  a  nail,  and  keep  the  colour  more  fafe  from  the 
air.     Retrofpe£l,  &c.  No,  f. 

NORIA.    See  ll^ivvLAULiC'-niaciines^  No.  3. 

OIL^MiLL,  a  mill  for  expreffing  the  oil&  from  fniitS)  or 
grains,  &c»  As  thefc  kingdoms  do  not  produce  the  olive,  it 
would  be  needlefs  to  defcribe  the  mills  which  are  employed  in 
the  fouthern  parts  of  Europe.  We  (hall  content  ourfelves,  there* 
fore,  with  a  defcription  of  a  Dutch  oiKmill,  employed  for  grind- 
ing and  preiTing  lint-feed,  rape- feed,  and  other  oleaginous  grains. 
Furtherj  to  accommodate  our  defcription  ftili  more  t^  our  lo^al 
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circoinftafieesi  vft  fhall  employ  water  as  the  firft  mover;  thus 
avoiding  the  enormous  expence  and  complicatioa  of  a  windmiUL 

In  plate  XXL  fig.  A, 

1 .  Is  the  elevation  of  a  wheel,  over  or  under-Hfaot^  as  die  Gtua* 
^11  vnaf  require. 

at.  The  bell-metal  fockct,  fupported  by  tnafonry^,  for  receurtng 
tSie  «utef  gudgeon  of  the  water- wbeelt  , 

♦  ^.  Thewacer-courfc 

tig.  B. 

1.  A  fpur- wheel  upon  the  fame  a^ts^  having  ^  teeth. 

2.  The  trundle  that  is  driven  by  No.  i.  and  has  78  (laves^ 

3.  The  walloweTi  or  axis  for  Taliing  the  peflies.  It  is  furnifli^ 
ed  round  its  circumference  with  wipers  for  lifring  the  peftles,  lb 
that  each  may  fail  twice  during  one  turn  of  the  water-wheel, 
that  ifil  three  wipers  for  eacli  pcftle. 

4.  A  frame  of  timber,  carrying  a  concave  half-cylinder  of 
bell-metal,  in  which  the  wjUower  (eafed  in  that  part  with  in>i| 
plates)  reds  and  turns  round. 

5.  Mafoary  fupporting  the  inner  gudgeon  of  the  water-wheel 
and  the  above-mentioned  frame. 

6.  Gudgeon  of  the  wallower,  which  b^rs  againft  a  beli^ 
metal  (lep  fixed  in  the  wall.  This  double  fupport  of  the  wallower 
is  found  to  be  necefiary  in  all  mills  which  drive  a  number  of 
beavy  (tampers. 

Fig.  Cy  is  the  elevation  of  the  peftle  and  prefi-framei  their 
furniture,  the  mortars^  aind  the  prefs-peftles. 

I.  The  fix  peftles. 

a.  Croft  pieces  between  the  two  rails  of  the  frame,  forming, 
with  thefe  rails,  guides  lor  the  perpendicular  motion  of  ths 
peftles. 

3.  The  two  rails.  The  back  one  ic  not  feen.  They  are  checks 
ed  and  bolted  into  the  (landards  No.  la. 

4«  The  tails  of  the  lifts,  correfponding  to  the  wipers  upon  th^ 
wallower.    See  the  article  WippR. 

5.  Another  rail  in  front,  for  carrying  the  detents  which  hoU 
«p  the  peftles  when  not  ading.     Jt  is  marked  14  in  fig.  M. 

tf.  A  beam  a  Kttle  way  behind  the  peftles.  To  this  arr 
fixed  the  pulleys  for  the  ropes  which  lift  and  ftop  the  peftles* 
Jt  is  reprefented  by  16  in  fig.  M. 

7.  The  faki  pulleys  with  their  ropes. 

3.  The  driver,  which  ftrlkes  the  wedge  that  prefles  the  oil. 

9.  The  difcharger,  a  ftamper  w]iich  (frikes  upon  the  inverte4 
wedge,  and  loofens  the  prefs. 

10.  The  lower  rail  with  its  crofs  pieces,  forming  the  lowef 
guides  of  the  peftles. 

II.  h'  fin^l  co|;-wheel  upon  the  wall^wer^  for  tutninj^  tb^ 
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fpatula^  which  ftirs  about  the  oil-feed  in  th^  cliaufler-pati.    U 
has  28  teeth,  and  is  marked  No^  ^.  in  fig.  M. 

12.  The  four  (landardsy  mortifed  below  iiito  the  block)  anct 
above  into  the  joifts  and  beams  of  the  building. 

13.  The  fix  mortars  hollowed  out  of  the  block  itfelf)  and  ill 
fhape  pretty  much  like  a  kitchen  p6t« 

1 4.  The  feet  of  the  pcftles>  rounded  into  cyliaderSy  and  ihod 
wlth  a  great  lump  of  iron. 

15.  A  board  behind  the  peftles,  ftandiilg  on  its  cklge^  but  in- 
clining a  little  backwards.  I'here  is  fuch  ailother  in  front,  but 
not  reprefcnted  here^  Thefe  form  a  fort  of  trottghi  which  pre- 
vents the  feed  from  beihg  fcattered  about  hj  the  fall  of  the 
peftles,  and  loft. 

16.  The  firft  prefs-box  (alfo  hoHoWed  out  of  the  block)^  in 
which  the  grain  is  fqueezed,  after  it  has  come  for  the  firittimo 
from  below  the  mill-ftones^^ 

1 7. 'The  fecond  prefs-box,  at  the  other  end  df  the  blocki  for 
fqueezing  the  grain  after  it  has  pafled  a  fecond  time  under  the 
peftles* 

18.  Frame  of  timber  for  fupporting  the  other  end  of  the 
wallower,  in  the  fame  manner  as  at  Noi  4.  fig.  B» 

19.  Small  cog-wheel  on  the  end  of  the  waJlower,  for  giving 
motion  to  the  mill-ftones.     It  has  28  teeth* 

20.  Gudgeon  of  the  i^Uower,  bearing  on  a  bell-metal  focket 
fixed  in  the  wall. 

21.  Veffels  for  receiving  the  oil  from  the  prefs-boxes. 
Fig.  D.  Elevation  and  mechanifm  of  the  mill-ftones* 

T.  Upright  fliaft>  carrying  the  great  cog-wheel  above>  and  the 
runner  mill-flones  below  in  their  frame. 

2.  Cog-wheel  of  76  cogs,  driven  by  No.  19.  of  fig.  C- 

3.  The  frame  of  the  runner^. 

4.  The  innermoft  runner,  or  the  one  neareft  the  fliaft. 

5.  Outermoft  ditto,  being  further  from  the  fliaft. 

6.  The  inner  rake,  which  collefbs  the  grain  under  the  outef 
runner 

7 .  The  outer-rake,  which  colle£^s  the  grain  under  the  inner 
runner.  In  this  manner  the  grain  is  always  turned  over  and 
over,  and  cruflied  in  every  diredion.  The  mner  rake  lays  the 
grain  in  a  ilope,of  which  fig.  O  is  a  fefbion^  the  runner  flattens  itn 
and  the  fecond  rake  lifts  it  again,  as  is  marked  in  fig.P;  fo 
that  every  fide  of  a  grain  is  prefented  to  the  mill-ilone,  and  the 
reft  of  the  legger  or  nether  mill-ftone  is  fo  fwept  by  them,  that 
not  a  fingle  grain  is  left  on  any  part  of  it.  The  outer  rake  is 
alfo  funiifhed  with  a  rag  of  cloth,  which  rubs  agai^ft  the  border 
or  hoop  that  furrounds  the  nether  mril-ftone,  fo  as  to  drag  out 
the  few  grains  which  might  otherwife  remain  in  tkt  eoi^cir. 


8.  The  tt^s  of  the  iron  axle  which  pailb  thtough  die  ap- 
tight  (haft,  and  through  the  two  runners.  Thus  they  have  two 
motions;  inio,rA  rotation  round  their  own  asis^  2do,That 
by  which  diey  are  carried  round  upon  the  nether  mill-ftone  on 
which  they  rolk  The  holes  in  thefe  mill-flrones  are  made  a 
little  wide  i  and  the  holes  in  the  ears  of  the  frame,  which  carry 
the  ends  of  the  iron  axis,  are  made  oval  up  and  down.    This 

Eeat  freedom  of  motion  is  neceffary  for  the  runner  mill-ftones, 
caufe  frequently  more  or  lefs  of  the  grain  is  below  them  at  a 
time>  and  they  muft  therefore  be  at  liberty  to  get  over  it  wfdiout 
ftrainin?,  and  perhaps  breaking,  the  (haft. 

9.  'rte  ears  of  the  frame  which  lead  the  two  extremities  of 
the  iron  axis.  They  are  mortifed  into  the  under  fide  of  the 
bars  of  the  fquare  frame,  that  is  carried  round  with  the  ihaft< 

10.  The  border  or  hoop  which  furrounda  the  nether  mill- 
ftone.  % 

It.  and  12.  The  nether  mill-ftone,  and  mafonry  which  (up* 
ports  it. 

Fig.  K.  Plan  of  the  runner  mill-ftones,  and  t}^  frame  whidi 
carries  them  round. 

1,1.  Are  the  two  mill-ftones. 

3, 3, 3,  3.  The  outfide  pieces  of  the  frame* 

4,  4,  4, 4.  The  crofs-bars  of  the  frame  whieh  enibrace  tttc 
upright  fliaft  {,  and  give  motion  to  the  whole. 

6.  6,  The  iron  axis  upon  which  the  runners  tutn. 
7*  The  outer  rake. 

8.  The  inner  ditto. 

Fig.  L.  Repre(ents  the  nether  mill-ftone^feen  from  above. 

1.  The  wooden  gutter,  which  furrounds  the  nether  mill-doi^ 

2.  The  border  or  hoop,  about  fix  inchea  tiigh,  all  round,  t^ 
prevent  any  feed  from  being  fcattered. 

3.  An  opening  or  trap-doer  in  the  gutter,  which  can  be 
opened  or  ihut  at  pleafure.  'When  cupien,  it  allows  the  Wuifed 
grain  cdlle£ted  in  and  ihoved  along  the  gutter  by  tht  rakes  to 
pafs  through  intd  troughs  placed  below  to  receive  it. 

4*  Portion  of  the  circle  defcribed  by  the  outer  runner. 

5.  Portion  of  the  circle  defcribed  by  the  inner  one.  By 
thefe  we  fee  that  the  two  Hones  have  difierent  routes  round  tM 
axis,  and  bruifc  more  Xccd,  . 

tJ.  Tlie  outer  rake. 

7.  The  inner  ditto. 

8.  The  fW^ep,  making  part  of  the  inAer  rak6,  occaftonally  let 
down  for  Sweeping  off  all  the  feed  when  it  has  been  fufficiently 
bruxfed.  The^preffure  and  aSion  of  thefe  rakes  is  adjufted  by 
means  t>f  wooden  fprings,  which  cannot  be  eafily  and  diftin£ily 
reprefented  by  any  figure*    The  oblique  pofition  of  the  rake$ 
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(the  outer  potnt  gotns  foremoft)  caufes  them  to  ihove  the  graiil 
Inwards  or  toward  the  centre,  and  at  the  £ame  time  to  turn  it 
byer,  fomewhit  in  the  fame  manner  as  the  moald*board  of  a 
plough  ihoTes  the  earth  to  the  right  hand,  and  partly  tum^  it 
over.  Some  miUs  have  but  one  fweeper;  and,  indeed,  there  is 
great  variety  in  the  form  and  conftru£tion  of  this  part  of  the 
machinery. 

Fig.  M.  Profile  of  the  peftle  frame.' 

I.  Se&ion  of  the  horizontal  (haft. 

i.  Three  wipers  for  liftinz  the  peftlcs.    See  Wipeh. 
4      3.  Little  wheel  of  28  teeth,  for  giving  motion  to  the  fpatub. 
.4.  Another  wheel,  which  is  driven  by  it,  having  20  teeth. 

5.  Horizontal  axle  of  ditto. 

6.  Another  wheel  on  the  fame  axle,  having  13  teeth. 

7.  A  wheel  upon  the  upper  end  of  the  fpindle,  having  it 
teeth. 

-  8.  1^0  guides,  in  which  the  fpindle  turns  freely,  and  fo  that 
it  can  be  fhifted  higher  and  lower. 
9.  A  lever,  moveable  round  the  piece  No.  14.  and  having  & 
'  hole  in  it  at  9,  through  which  the  fpindle  pafTes,  turning  freely. 
The  fpind],e  has  in  this  place  a  moulder,  which  reds  on  ^e 
border  of  the  hole  9;  fo  that  by  the  motion  of  this  lever  the 
foindlc  may  be  difengaged  from  the  wheel-work  at  pleafure. 
This  motion  is  given  tQ  it  by  means  of  the  lever  le,  10,  move- 
able round  its  middle.  The  workman  employed  at  the  chau#er 
pulls  at  the  rope  lo,  11,  and  thus  difengages  the  fpindle  and 
fpatula. 

II.  A  peftle  feen  fide  wife. 

12.  The  lift  of  ditto. 

13.  The  upper  rails,  marked  No.  3.  in  fig.  C. 

14.  The  rail,  marked  No.  5/  in  fig.  C.     To  this  are  fixed 
the  detents,  which  ferve  to  flop  and  hold  up  the  peftles. 

i5.  A  detent,  which  is  moved  by  the  rope  at  its  outer  end. 

16.  A  bracket  behind  the  peftles,  having  a  pulley,  through 
whicli  pafies  the  rope  going  to  the  detent  15. 

17.  The  laid  pulley. 

18.  The  rope  at  the  workman*s  hand,  pafiing  through  the 
pulley  17,  and  fixed  to  the  end  of  the  detent  15. 

This  detent  naturally  hangs  perpendicular  by  its  own  wdght* 
When  the  workman  wants  to  ftop  a  peftle,  he  pulls  at  the  rope 
18,  during  the  rife  of  the  peftle.  When  this  is  at  its  greatcli 
height,  the  detent  is  horizontal,  and  prevents  the  peftle  from 
,  falJing  by  means  of  a  pin  projefting  from  the  fide  of  the  pefl^le, 
which  refts  upon  this  detent,  the  detent  itfelf  being  held  in  that 
ppfitlQu  by  hitching  the  loop  of  the  rope  upon  a  pin  at  the  work* 
man's  hand« 


tp.  The  two  I6^rer  rail^  marked  No.  xo;  figi'C. 
2Q.  Great  woodBix,  and  fometimes  ftone^  block,  in  which  the 
lnortar»  are  forroed,  marked  No*  2i«  in  fig.  G. 

21.  Vefiel  placed  below  the  prefs-bozes  for  receiving  the  oil* 

22.  Chauffer,  or  little  furnace,  for  warming  the  bruifed  grain. 

23.  Backet  in  the  front  of  the  chauffer^  tapering  downwards^ 
and  opening  below  in  a  narrow  lUt.  The  hair  bags»  in  which 
the  grain  is  to  be  prefTed  after  it  has  been  warmed  in  the  chauffer^ 
are  filled  by  placing  them  in  this  backet.  The  grain  is  lifted 
out  of  the  chauffer  with  a  ladje,  and  pUt  into  thefe  bags;  and  a 
good  quantity  of  oil  runs  from  it  through  the  Hit  at  the  bottooa 
into  a  veflel  let  to  receive  it. 

24.  The  fpatula  attached  to  the  lower  end  of  the  fpindle,  and 
turning  round  among  the  grain  in  the  chaufi«r-pan}  thus 
preventing  it  from  (licking  to  the  bottom  or  £des,  and  getting 
too  much  heat. 

The  firft  part  of  the  pf  ocefs  at  an  oil-mill  is  bruifing  the  feed 
tinder  the  runner  ftones*.  That  this  may  be  more  expeditioufljr 
done,  one  of  the  runners  is  fet  about  ^ds  of  its  own  thickneU 
nearer  the  (haft  than  the  other.    Thus  thtsy  have  different 
treads;  and  the  grain,  which  is  a  little  heaped  towards  the  centre, 
is  thus  bruifed  by  both.     The  inner  rake  gathers  it  up  under 
the  outer  (lone  into  a  ridge,  of  which  the  fe£}ion  is  reprelented  in 
plate  XXI.  fig.  O.  The  (tone  pafles  over  it  and  flattens  it.   It  is 
gather^  up  again  into  a  ridge,  of  the  form  of  fig.  P,  under  the 
inner  (tone,  oy  the  outer  rake,  which  coniifts  of  two  parts* 
The  outer  part  pre(re$  clofe  on  the  wooden  border  which  fur'- 
rounds  the  nether  (tone,  and  (hoves  the  feed  obliquely  inwards^ 
while  the  inner  part  of  this  rake  gathers  up  what  bad  fpread 
toward  the  centre.    The  other  rake  has  a  joint  near  the  middle 
of  its  length,  by  which  the  outer  half  of  it  can  be  raifed  from 
the  nether  (tone,  while  the  inner  half  continues  prelling  on  ij^ 
and  thus  fcrape's  off  the  moid  paite.     When  the  ffsed  is  fufiici- 
ently  bruifed,  the  miller  lets  down  the  outer  end,  of  the  rake« 
^his  immediately  gathers  the  whole  pa(te,  and  (hoves  it  obliquely 
outwards  to  the  wooden  rim,  where  it  is  at  la(t  brought  to  a  part 
that  is  left  Unboarded,  and  it  falls  through  into  troughs  placed 
to  receive  it.     Thefe  troughs  have  holes  in  the  bottom,  through 
which  the  oil  drips  all  the  time  of  the  operation.     Thhpart  pf 
the  oil  is  directed  into  a  particular  ci(tem,  being  qpnfidered  as  the 

*  We  are  told,  that  in  a  millat  Reichenhofren,in  Alface,  a  confider- 
able  improvement  has  been  made  bv  pafiing  the  feed  between  two  fmall 
iron  Tollersy  before  it  is  put  under  the  mill-ftones.*  A  great  deal  of  work 
•  b  faid  to  be  iaved  by  this  preliminary  operation,  and  finer  oil  produee4 : 
which  we  think  very  probable.  The  ftamping  apd  prdSog  ge  ea  at  in 
other  mills. 
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?ureft  of- the  ^holc ;  taying  been  obtained,  without  preffufe,  by 
be  mete  bteaWnp  of  the  hull  of  the  feed. 

In  fome  mills  this  operation  is^  expedited,  and  a  much  greater 
tjtiantity  of  this  beft  oil  is  obtained,  by  having  the  bed  of 
mafonry  which  fupports  the  legger  formed  into  a  little  furnace, 
and  gently  hcatfed.  But  the  .utmt)ft  care  is  neceflary  to  prevent 
the  heat  from  becoming  considerable.  This,  enabling  the  oil  to 
diffolve  more  of  the  fermentable  fubftance  of  the  feed,  ezpofes 
the  oil  to  the  rifle  of  growing  foon  yevj  rancid;  and,  in  general, 
it  is  thought  a  hazardous  practice,  and  the  oil  does  not  bring  To 
liigh  a  price. 

.  When  the  pafte  comes  from  under  the  ftones  it  is  put  into 
the  hait  bags,  and  fubjefted  to  the  firft  preffing.  The  oil  thus 
bbtiiined  ts  alfo  cfteemed  as  of  the  firft:  quality,  Icarcely  inferior 
to  the  former;  and  is  kept  apart :  (the  great  oil  ciftern  being 
divided  into  fevcral  portions  by  partitions;. 

The  oil  cakes  of  this  preffing  are  taken  out  of  the  bags, 
i>Token  to  pieces,  a«id  put  into  the  moYtars  for  the  firft  ftampinc. 
Here  tlie  pafte  is  again  broken  down^  and  the  parenchyma  of 
the  feed  reduced  to  a  fine  meal.  Thus  free  egt-efs  is  allowed  to 
the  oil  from  every  veficle  in  which  it  is  contained.  But  it  is 
now  rendered  much  hiore  clammy,  by  the  forcible  mixture  of 
the  mucilage,  and  even  of  the  finer  parts  of  the  meal.  When 
fufficiently  pounded;  the  Workman  flops  the  peftle  of  a'  mortar, 
Wh&n  at  the  top  of  its  lift,  and  carries  the  contents  o£  the 
hiortat  to  the  firft  thauffcr  pan,  where  it  is  heated  to  about  the 
tem^etaturfe  oiF  melting  bees-wax  (this,  we  are  lold,  is  the  teft), 
and  all  the  while  ftitred  about  by  the  fpatula.  From  thence  it 
is  agUin  put  into  hiir  bags,  in  tne  manner  already  defcribedj 
'  £ind  the  oil  which  d^ip$  from  it  during  this  operation  Is  con- 
fidere'd  as  tiie  beft  of  the  fecond  quality,  and  in  fome  mills  is 
'^ept  apart.  The  pafte  is  now  fubjeAed  to  the  feccmd  preiEng, 
and  the  oil  is  that  of  the  fecond  quality. 

All  this  operation  of  pounding  and  heating  it  performed  by 

-ofae  workftiari,  who  his  conftant  employment  by  taking  the  four 

Cottars  iftfuctpfTion. '  iTle  putting  into  the  bags  and  cohdu£l- 

'  ing  of  die  pT'eiSxig  gives  equal  employment  to  another  worf:* 

.niari." 

In  the  mills  of  Picirdy,  Alface,  and  moll  of  Flanders,  tlie 
operation  ends  here ;  and  the  produce  from  the  chaufi^er  is  in- 
creafed,  by  putting  a  fpoonful  or  two  of  wat^  ,into  the  ^paA 
among  the  pafte. 

.  But  the  Dutch  take  more  pains.  They  add  no  water  to  the 
psrfte  of  this  their  firft  ftamping.  They  fay  that  this  greatly 
lowcrs-the  quality  of  the  oil.  The  cakes  which  refuTt  from  this 
prcfling,  and  are  there  fold  as  food  for  cattle,  axe  ftill  fat  and 
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foftilfa.  The  Dutch  break  them  down,  and  fiibjcA  them  t6 
the  peillcs  for  the  fecond  (lamping.  Thefe  reduce  them  to  an 
impalpable  pa(le>  (liiFlike  clay.  It  is  lifted  out^  and  put  into 
the  fecond  chauffer  pan ;  a  few  fpoonfuls  of  water  are  added, 
and  the  whole  kept  for  fome  time  as  hot  as  boiling  water^  and 
carefully  ftirred  all  the  while.  From  thence  it  is  lifted  into 
the  hair  bags  of  the  lafl  prefs,  fubjcfted  to  the  prefs;  and  a 
quantity  of  oil,  of  the  lowed  quality,  is  obtained,  Sufficient  for 
giving  a  fatisfaflory  profit  to  the  miller.  The  cake  is  now 
perfedily  dry,  and  hard,  like  a  piece  of  board,  and  is  fold  to  thev 
farmers.  Nay,  there  are  fmall  miUs  in  Holland  which  haye  no 
other  employment  than  extra£king  ck\  from  the  cakes  which  they 
pqrchafe  from  the  French  ^nd  Brabantetsj  a  clear  indication  o^ 
the  fuperiority  of  the  Patch  pra£lice. 

The  nicew  with  which  that  indufirious  people  condudl  all 
their  buGneis  is  remarkable  in  this  manufadiure. 

In  their  oil  ciflem,  the  parenchymous  part>  which  un^void* 
ably  gets  through,  in  fome  degree,  in  every  operation}  gradually 
fublides;  and  the  liquor,  in  any  diviiion  of  the  ciitern,  comes  to 
cbnfift  of  ftrata  of  different  degrees  of  purity«  The  pumps 
virhich  lift  it  out  of  each  divifionare  in  pairs  i  one  takes  it  up^ 
from  the  very  bottom,  and  the  other  only  from  half  depth.  The 
laft  only  is  barrelled  up  for  ^he  market,  and  the  other  goes  ii^to  a 
deep  and  narrow  ciftem,  where  the  dreg  again  fubfides,  and 
more  pure  oil  of  that  Equality  is  obtained.  By  fuch  careful  and 
judicious  pra£tices,  the  Dutch  not  only  fupply  themfelves  with 
this  important  article,  but  annually  fend  coofiderablc  quantities 
even  into  tbofe  provinces  of  France  and  Flanders  where  they 
bought  the  feed  from  which  it  wasi  extra£led.  When  we  re- 
fle£b  on  the  high  price  of  labour  in  Holland,  on  the  want  o£ 
timber  for  machinery,  on  the  expence  of  building,  in  that 
country,  and  on  the  enormous  expence  of  wiud-mill  machinery^ 
both  in  tlie  firft  erediion  and  the  fubfemient  wear  and  t^ar,  it 
muft  be  evident,  that  oil-mills  ere£led  in  England  on  water  falls, 
and  after  the  Dutch  manner,  cannot  fail  of  being  a  great  national 
advantage;  The  chatellanie  or  feigneurie  of  Lille  alone  makes 
annually  between  30,000  and  40,000  barrels,  each  containing^ 
about  06  gallons. 

What  is  here  delivered  is  only  a  (ketch.  Every  perfon  ac? 
quainted  with  machinery  will  underftand  the  general  move- 
ments and  operations.  But  the  intelligent  mechanie  we^  knows^ 
that  pperations  of  this  kind  have  many  minute  circumftancejf 
which  cannot  be  defcribed,  and  wnicb,  neverthelefs,  may  hav9 
SI  great  influence  on  the  whole.  The  rakes  in  the  bruijfii^-milji 
b^^e  an  of&ce  to  perform  which  refembles  chat  of  the  haud^  di^ ' 
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reSttd  by  a  careftil  eye  and  unceaRtlg  attention.  Words  cannot 
communicate  a  clear  notion  of  this;  and  a  mill,  conftru£led 
from  the  bed  drawings,  by  tlie  moft  (kilful  workman,  may  ga- 
iher  die  feed  fo  ill,  that  tne  half  of  it  {hall  not  be  bruifcd  after 
many  rounds  of  ^the  machinery.    This  produces  a  fcanty  re- 
turn of  the  fineft  oil ;  and  the  mill  gets  a  bad  charader.     The 
proprietor  lofcs  his  naoncy,  Is  difcouraged,  and  gives  Op  the 
work. — ^There  is  no  fecurity  but  by  procuring  a  Dutch  mill- 
wright, and  paying  him  with  the  liberality  of  Britons.    Such 
linhoped-for  taflcs  have  been  performed  of  late  years  by  ma^ 
chincry ;  and  mechanical  knowledge  and  invention  are  now  fd 
generally  difFufed,  that  it  is  highly  probable  that  we  fhould  foon 
excel  our  teachers  in  this  branch.     But  this  very  diffuGon  of 
knowledge,  by  encouraging   fpeculation   among  the    artifts^ 
makes  it  a  ftill  greater  nfk  to  crcO;  a  Dutch  oil-mill  with- 
out having  a  Dutchman,  acquainted  with  its  moft  improved 
prefent  form,  to  condu£l  the  work. — Supp.  Encyc/a.  Britan. 
.    Baring  of  ORDNA^TCE.     Till  within  a  few  years,  iron- 
ordnance  were  caft  with  a  cylindrical  cavity,  nearly  of  the  di^ 
menCons  of  the  caliber  of  the  piece,  which  was  afterwards  en- 
larged to  the  proper  caliber  by  means  of  fteel  cutters  fixed  into 
the  dog-head  of  a  boring  bar-iron.   Thre^  equidiftant  fide-cutter^ 
were  requifite  to  preferve  the  caliber  ftraight  and  cylindrical  \ 
and  a  fingle  cutter  was  ufed  at  the  end  of  the  bar  to  tmooth  the 
breecli  of  the  piece.     In  boring  ordnance  caft  hollow,  the  piece 
ifms  fixed  upon  a  carriage  that  could  be  moved  backwards  and 
forwards  in  a  direft  line  with  the  centre  of  a  water-wheel ;  in 
this  centt'e  was  fixed  the  boring-bar,  of  a  fufficient  length  to.. 
reach  up  to  the  breech  of  the  piece,  or  more  properly  to  the 
further  end  of  the  caliber.     The  carriage  with  the  piece  being 
AiTivrn  backwards  from  the  centre  of  the  water-wheel  to  intro- 
duce the  boring  and  finiOiing  bars  and  cutters,  it  h  then  prefle^ 
forwards  upon  this  bar  by  means  of  levers^i  weights,  &c.  and 
|he  water-wheel  being  fet  a  going,  the  bar  and  fullers  are  turned 
round,  and  clean  out  and  fmopth  the  caliber  to  i^s  proper  di« 
menfions. 

'  Experience  at  laft  pointed  out  many  inconveniences  arifin^ 
firom  the  method  of  caftiqg  guns  holionvy  and  widening  the  paK- 
liers  by  thefe  boring  bars.  For  the  body  pf  iron  of  the  hollow 
gun,  being,  at  cafting,  in  t6T\t^6t  with  the  core  that  made  the 
taliber  wilfiin^fide,  and  with  the  inould  ^tthont-fide,  be^n  to 
confolidate  towards  thefe  {i^es  in  the  firft  place  fooner  tkan  in 
the  intermediate  fpace,  where  of  courfe  the  contra^^on  of  thd 
'  Iron  takes  place  ;  by' -which  means,  all  guns  caft  hollow  became 
*  iktore'or  Ids  ipohgy  Irhere  they  ought-  tcjk  bave^been'ihoft  oom-* 
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]Hid;  tind  numberlefs  caYities  alfo  were  created  round  the  core^r 
from  ftagnated  air  generated  m  theni>  which  were  too  deep  to  be 

•  cut  out  by  the  boring. 

To  remedy  thofe  defeds,  iron  ordnance  as  well  as  brafs  is  now  * 
univerfally  caft  folid>  by  which  means  the  column  of  metal  is 
greatly  enlarged,  and  tne  grain  more  compreflt^d ;  and  the  con- 
tra£Bon  becomtss  in  the  heart  of  the  coluipn^  and  confequentl^is 
cut  out  by  .the  perforation  for  the  caliber,  ' 

Guns  are  bored  out  of  the  foiid  reverfely  from  the  hollow 
methods  The  piece  A  (pi.  XXI.)  is  placed  upon  two  ftandarda 
BB,  by  means  of  two  joumeysy  turned  round  by  a  water-wheel ; 
the  breech  D  being  introduced  into  the  central  line  of  the  wheel, 
with  the  muzzle  towards  the  Hiding  carriage  E,  which  is  prefled 
forwards  by  a  ratch  F,  and  weights  in  the  fame  w^y  ^s  the  gun* 
carriage  was  in  hollow-boring.  Upon  this  Aiding  carriage  is 
fixed,  truly  horizontal  and  central  to  the  gun,  the  drilkbar  G, 
to  the  end  of  which  is  fixed  a  carp's  tongue  drill  or  cutter  H.; 
which,  being  prefled  forward  upon  the  ^ece  whilft  it  is  turning 
round,  perforates  the  bore,  which  is  afterwards  finilhed  with  bars 
9nd  cutters  as  thoiiiollow  guns  were. 

The  machinery  for  boring  of  ordnance  is  fometimes  put  in  men 
tion  by  a  fteam-engine :  and  in  this  way,  from  1 8  to  24  great  guns 
have  been  boring  at  the  fame  time ;  the  borer  in  each  piece  being 
brought  up  to  its  proper  place  in  the  gun,  by  a  lever  and  weights. 
In  this  method  of  bringing  up  the  borer  the  preiTurc  may  always 
be  made  equable,  and  the  motion  of  the  borer  regular  \  but  tne 
difadvantage  is,  that  without  due  attention  the  borer  may  work 
up  too  far  towards  the  breach,  and  the  piece  be  fpoiled.  In  the 
Royal  Arfenal  at  Woolwich,  only  one  piece  is  bored  at  a  time 
in  the  fame  mill :  the  gun  to  be  bored  lies  with  its  axis  parallel 
to  the  horizon,  and  in  that  pofition  is  turned  round  its  axis  by 
inean$  of  wheel- work,  moved  by  one  or  more  horfes.     The 

'  borer  is  laid,  as  above  defcribed,  in  the  dire^ion  of  the  axis 
of  the  gun,  and  is  incapable  of  motion  in  any  dire3ion  eic- 
cept  that  of  its  length ;  and  in  this  dire£Hon  it  is  conftantly 
moved  by  means  01  a  fmall  rack-wheel,  kept  in  proper  mo- 
tion by  two  men,  who  thus  make  the  point  of  the  borer  fo 
to  bear  againft  the  part  of  the  gun  that  is  boring,  as  to  pierce 
and  cut  it.  The  outfide  of  the  gun  is  fmoothed  at  the  fame 
time  by  men  with  inftruments  fit  for  the  purpofe,  whilft  it 
turns  rounds  fo  that  the  bore  may  be  exa^ly,  in  the  centre  of  the 
metal. 

In  this  way  die  boring  is  performed  with  great  nicety,  the 
guns  fcarcely  ever  failing  in  the  examination,  out  in  thefe  milU 
th»  borfcs  work  to  great  difadvantage,  the  diametersof  the  walJoa- 


«64  MACHINES. 

in  which  diey  move  being  f^r  too  (mall.    Sec  the  introduflor^ 
pirt  oi  this  volumet  art.  76. 

PARALLEL  motmn,  is  a  teim  ufed  among  pva£tical  mer. 
chanics  to  denote  the  re^feilinear  motion  of  a  piilon  rod,  &c.  in 
tiie  dire<£iion  o£  its  length  :  <md  contrivances  by  which  fuch  al- 
Xemate  reAilinearmotions  are  converted  into  rotatory  ones,  and 
.l^e  ver/a,  in  {KiBQps»  ileam-engines,  faw-oiiUSj  &c.  arc  pfuillyc 
called  contrivances  for  parallel  motions. 

In  niotions  of  this  kind  it  is  gcneraUv  thought  a  defirable  thing 
t(0  give  the  pifton  rod)  the  fywj  or  tne  like,  a  uniform  yelocity; 
through  the  whole  <^  its  progrefs;  then  to  bring  it  at  once  to  reft, 
again  to  give  it  inftantaneoufly  a  finite  velocity  in  the  oppofite 
4ireSiieni  and  fo  on.  But  i&is  feems  impoQible  in  nature  \  aljl 
changes  of  motion  wf>ici  we  oh/ervi  are  gradual,  bec;^ufe  all  im- 
pelling bodies  have  fome  elafticity  .or  foftnefs  by  which  they 
yield  to  CQmpreflion :  and,  in  the  way  in  which  piftpns  are 
Qommonly  moyedv  vfz«  by  cranks^  or  fomething  analogous  ta 
them»  the^motion  is  very  fetf/ibly  gradual.  Hence»  it  may  be  nbr 
i^rved  that  mpft  attempts  to  correifl  thefe  inequalijties  iQ  potum 
are  mifplaced  \  and  if  they  poul4  be  accompliflied  wpuld  greatly 
inji^-e  the  puoup  or  other  OMjchine.  OniEi  of  (he  beft  methods;  of 
producing  this  effe£l  is  to  make  the  pifton-rod  confift  pf  two^ 
parallel  bars,  having  teeth  in  the  fides  whfch  front  isach  other. 
Let  a  toothed  wheel  be  placed  bfetweeni  them»  having  only  th^ 
half  of  its  ciFCumference  furniflied  with  teeth.  It  is  evidenl« 
without  any  further  defcription,  that  if  thi$  wheel  be  turaed 
uniformly  round  its  axis,  the  ]^fton-rod  will  be  moved  uniformly 
up  and  down  without  intermiffion.  This  has  pft^n  been  put 
in  praSbiee,  and  the  pifton-rojd  made  to  work  between  grocMred 
rollers  \  but  the  machine  always  went  by  jolts,  and  feicibm 
lafted  a  few  days.  Un&illed  mechanifts. attributed  this  to  de- 
fe£):  in  the  execution  :  but  the  £auU  is  eiTential,  and  lies  ifi  th« 
principle*  The  machine  c^uld  n0t  perform  one  ftrolte  if  the 
firil  mover  did  not  flacken  a  little,  pr  thp  jdifferent  parts  of  the 
machine  did  not  y>eld  by  bending,  or  Vy  cprnprefTipn  \  »nd  ni> 
ftrengih  of  materials  could  withftand  the  ;VipleBce  of  the  (t:rain^ 
a£  every  reciprocation  of  the  motion.  This  is  phiefly  experi- 
enced in  great  works  which  are  put  Jn  motion  by  a  watef-wkeely* 
or  ibme  other  equal  power  exerted  on  th^  ^n^jTs  of  master  of 
Which  the  machine  eonfifts^  The  waftar-wheel  beijig  of  gfcat 
iweight  move^  with  confidemble  (fasadJil^fs  pr  uniformity  \  and  • 
yrhen  an  additional  refiftance  is  oppofed  to  it  by  the  beginning 
of  a  x>ew  flroke  of  the  pifto»,  i^  great  quantity  of  motion  is  b|it 
little  affe&edby  this  addition^  and  it  prpceods  very  little  retarded^ 
apd  the  machiae  nnft- either  yijsld  a  U^tl^  by  bepding  aofl  coiffkr 


prcffioo,  or  go  to  pieces,  'wUch  is  the  comnion  event  Cranks 
are  free  from  this  inconvenience,  bccaufe  they  accelerate  the 
pi  (Ion  graduallyi  and  bring  it  gradually  to  reft,  while  the  water* 
vheel  moves  round  ynx)x  almoft  perfeft  uniformity.  The  only 
jlnconvfnien.ce  (and  it  may  be  confulerable)  attending  this  flow 
motion  of  a  pifton  at  the  beginning  of  its  ftroke  is,  that  the  valves 
do  not  fliut  with  rapidity,  lo  that  fome  water  gets  back  through 
them.  But  when  they  are  properly  formed  and  loaded,  tlii&is  bat 
trifling.    ' 

It  would  feem,  then,  that  thofe  contrivances  in  which  the 
Ijlfton-rod  communicates  the  rotatory  motion  by  means  of  a 
crank,  or  fomething  fimilar  in  its  effeft,  are  moll  fit  to  be 
adopted  in  praftice  \  and  that  the  attempts  of  mechanifts  In 
.thi$  point  of  view  may  in  all  probability  be  properly  reftrained 
to  the  methods  of  keeping  the  piilon-rod,  &c.  from  deviating 
to  any  fide,  during  its  alternate  motion.  Two  or  three  of  tl^ 
beft  methods  of  performing  this,  with  which  we  are  acquainted, 
are  th.e  following* 

"  I.  Let  a  fixda.:circular  ring  whofe  diameter  is  equal  to  the 
ftroke  of  the  pifton  h?ve  teeth  all  round  the  ioterior  part  of  its 
circumference ;  ^nd  \tt  a  fmaller  wheel  whofe  diameter  is  only 
h.alf  thafe  of  the  ring  h^ye  equal  teeth  on  the  exterior  part  of  its 
rim,  to  pl^y  intq  the  teeth  of  the  ring :  let  the  axis  of  the  wheel 
to  which  the  rotatory  motion  is  to  be  comraurucated  pafs  through 
the  ceptre  of  the  larger  ring ;  and  let  a  moveable  bar  join  the 
centre  of  this  ring  to  that  of  the  fmaller  wheeh  Then,  if  the 
qpper  extremity  of.  the  pifton-rod  be  attached  to  a  pin  fixed  on 
the /Tim  of  the  inner  wheel,  at  the  place  where  the  two  wheels 
are  in  co|ita£l  in  their  loweft  point,  and  the  rod  be  put  into 
motion,  it  will  caufe  the  fmall  wheel  to  revolve  upon  the  innfr 
part  of  the  fixed  ring,  and  by  this  means  give  the  propofed 
rotatory  motion  to  the  a^is  paiTing  through  the  ccnti;e  of  the 
ring.  At  the  fame  time  the  extremity  of  tfie  pifton-rod  will 
be  confined  to  move  in  the  vertical  diameter  of  the  ring:  be- 
c^ufe  it  is  made  tp  defcribe  an  epicycloid  of  that  kind  which  is 
formed  by  a  cijrcle  polling  along  the  infide  of  anotlier  circle 
of  dojuble  diameter ;  in  which  cafe,  it  is  well  known,  the 
epicycloid  becomes  a  diameter  of  the  larger  circle,  and  the 
fmaller  circle  makes  two  complete  revolutions  while  it  is  movr- 
iog  from  any  one  ,point  of  the  larger  circle  to  the  fame  point 
again. 

This  contrivance  was  deylfed,  we  believe,  by  ^fr. White,  an 
Ajjglo- American.  It  is. almoft  unneceflary  to  obferve  that  the 
.converfe  is  equally  applicable  in  ihe  conv  ^on  of  a  rotatory 
l^o  a  parallel  mc  tion. 

).  Another  gieihod  is  reprefentcd  m  iiguie  xo.  pi.  7CXTIL 
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where  the  piftoTi*r<]4  id  kept  from  deviation.  A  is  tlie  cyliRder^ 
B  the  piilon,  C  the  pifton-rod>  D  the  crank,  and  £  the  conned- 
ix^  rod  of  the  crank  and  pifton-rod.  When  the  piilon  .  is  at 
ty  the  crank  is  at  ^ ;  when  the  pifton  is  at  B,  the  crank  is  either  at 
g  ox  h'y  and  when  the  pifton  is  at  g^  the  crank  is  ztf:  fo  that 
when  the  motion  of  the  crank  is  uniform  that  of  the  pifton  is 
Tarbble.  The  rod  H  equal  in  length  to  the  crank  D  moves 
about  the  centre  F,  and  is  joined  to  one  end  of  the  rod  I,  to 
the  other  end  of  which  is  connedied  the  focket  L  that  receives 
the  top  end  of  the  pifton-rod.  A  certain  point  m  is  taken  at 
pleafure  in  the  rod  I,  to  carry  a  (hort  axle  for  the  rods  K,  which 
are  broken  in  the  figure  to  (hew  the  focket  L.  To  find  the 
^ntre  of  motion  of  the  rods  K,  move  the  end  L  of  the  rod  I 
up  and  down  in  the  vertical  line  Cfay  and  mark  three  pofitions 
«,  'tny  Tj  of  the  point  tn  on  that  rod ;  defcribe  a  circle  to  pa& 
through  thofe  three  points;  its  radius  will  be  equal  to  the  length 
of  the  rods  K^  and  its  centre  will  be  the  point  where  thofe  rods 
snnft  be  fixed  to  a  bolt  or  axle  in  the  frammg.  This  contrivance 
caufes  the  top  of  the  piftoti-rod  to  move  from  P  by  L  to  O,  and 
back  again  by  L  to^ ;  and  the  dotted  lines  ihew  tne  pofition  of 
the  feveral  rods  at  the  extremities  of  the  motion. 

In  fig.  tx.  pi.  XXIII.  we  have  given  a  horizontal  fedion,  to 
ihew  the  ^onne&ion  of  H,  I,  K,  &c.  pointing  out  in  what  waj 
]  grafps  L,  and  £  both.  The  inequality  of  the  pifton's  motion 
will  be  reduced  by  making  the  conne^ling  rod  £  as  long  as  cir- 
cumftances  will  permit. 

'  If  the  rod  I  were  extended  to  the  left  of  the  point  p^  thct 
fame  kind  of  apparatus  would  become  a  lever  with  a  moveable 
fulcrum,  by  means  of  which  a  weight  might  be  raifcd  in  a  verti- 
cal line  from  P  to  0|  or  a  pump  pifton-rod  worked  without  de- 
vbtion. 

3.  A  third  method  is  exhibited  ui  fig.  8.  pi.  XXITI.  where 
there  are  three  rods  A,  B,  andC,  befidesthe  conneding  rod  D. 
The  rods  A  and  C  are  of  equal  lengths,  and  the  conneSing  rod 
is  attached  to  the  middle  point  of  the  rod  B.  The  guides  A,  and 
C3  are  fixed  at  their  ends  £,  and  F,  by  bolts  to  the  frammg. 
Thus  the  point  B,  to  which  is  fixed  the  top  of  the  i$ifton»rod>  is 
made  to  move  in  the  right  line  bH  h'\  and  the  dotted  lines  (hew 
the  pofitions  of  the  rods  at  the  extremities  of  the  ftroke.  Fig.7. 
fhews  in  what  way  the  pifton-rod  P  and  conatdiing  rod  D  might 
be  joined  to  the  guides  B  and  C 

I'his  method  and  the  preceding  were  devifed  by  Mr.  Wil-r 
Ijam  Dryden :  a  meqhanic  vhofe  ingenuity  needs  not  our  enr« 
comium. 

.  4«  Another  method  is  (hewn  in  fig.  12.  pi.  XXIIL  A  and  Bl 
nvc  two  bok^  in  the  framing  at  equal  diftances  on  oj^pofite  fiid«^ 
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t>f  the  vertical  line  in  which  the  ptfton  is  to  move.  ACj  fiD* 
two  bars  of  equal  lengthy  ^ach  equal  to  about  half  the  diftance 
AB.  CL>  DL»  two  other  equal  bars,  rather  more  than  doubte 
the  length  4>f  the  former,,  moving  freely  on  joints  at  C  and  D^ 
At  L  is  a  focket,  as  in  fig.  lo.  to  receive  the  top  of  the  piftoQ- 
rod,  and  to  which  the  bars  CL,  DL,  and  the  conne£iing  rod  £, 
9re  attached.  By  this  contrivance  it  is  obvious,  that  as  the  rock 
BC,  BD,  turn  upon  the  centres  A,  B,  in  contrarv  dire<fiions^ 
the  pifton-rod  will  be  made  to  move  in  the  rient  line  PM' 
without  deviation  \  NM  being  the  length  of  the  ftrole.  Hie 
relative  lengths  of  the  bars  AC,  CL,  may  be  variedat  plea« 
fure :  but  thofe  we  have  mentioned  will  be  found  as  well  as  any 
in  praflite* 

5.  A  pifton-rod  may  alfo  be  kept  frx>m  deviating  to  ^thsr 
fide,  while  it  gives  motion  to  a  crank,  and  vice  verfa^  thus; 
place  a  crofs-bar  at  a  diftance  from  the  «nd  of  the  cvlinder  ratter 
greater  than  the  ftroke  of  the  pifton,  and  makp  the  pifton-roA 
play  in  a  hole  made  in  this  crofs-bar  ;  let  an  axle  be  fixed  to  n 
proper  point  of  the  pifton-rod  betn^^een  the  end  of  the  cylinder 
and  the  'crofs-bar,  and  from  this  axle  let  two  equal  conne&ifif; 
rods  pafs  to  the  crank,  one  on  each  fide  the  crofs-bar :  by  this 
iimple  contrivance  the  alternating  anct  circular  motions  may  be 
communicated  to  the  diiFerent  parts  of  the  machine  with  gr^tf^ 
^  facility. 

PARCIEUyS  AREOMETER.    See  Vol.  T.  art.  401,  409. 
PATERNOSTER-woRK.    See  Hydraulic  Engines,  No.  $• 
PENDULUM,  in  mechanics,  any  heavy  body,  fo  fufpended  a« 
that  it  may  fwing  backwards  and  forwards,  about  fome  fixe4l 
poiQt,  by  the  force  of  gravity. 

Thefe  alternate  afcents  and  defcents  of  the  pendulum  arc 
called  its  ofcillations,  or  vibrations  ;  each  complete  ofcillatioa 
being  the  defcent  from  the  higheft  'point  on  one  fide  down  to 
the  lowed  point  of  the  arch,  and  fo  on  up  to  the.  higheft  point 
on  the  other  fide.  The  point  round  which  the  pendulum  move^ 
or  vibrates,  is  called  its  centre  of  motion,  or  poitit  of  fufpenfion^ 
and  a  right  line  drawn  through  the  centre  of  motion,  parallel  to 
the  horizon,  and  perpendicular  to  the  plane  in  which  the  pen- 
dulum moves,  is  called  the  axis  of  ofcillation.  There  is  alfo  m 
certain  point  within  every  pendulum,  into  which,  if  alt  the  mat- 
ter that  compofesthe  pendulum  were<«olle£ted,  or  condenfed  a« 
into  a  point,  the  times  in  which  the  vibrations  would  be  per- 
formed would  not  be  altered  by  fuch  condenfation  \  and  this 
5)oint  i^  calle4  centre  of  ofcUUtion.  The  length  of  the  pendu- 
um  is  always  efl:imated  by  the  diftince  of  this  point  below  the 
centre  of  motipn;  being  nfually  near  the  bottom  of  the  pendu- 
looi  I  but  in  a  cyliader,  or  any  other  aniform  prifm  or  rod,  it  ii 
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at  the  diftance  x)f  one^third  from,  the  bottom^  or  two*thirds  be* 
low  the  centre  of  motion. 

The  length  of  a  pendulum,  fo  meafured  to  its  centre  of  ofciJ- 
lation  that  it  .will  perfonn  each  vibration  in  a  fecond  of  time, 
thence  called  the  fecond's  pendulum,  has,  in.  the  latitude  of  Lon- 
don, been  generally  taken  at  jg^  or  39  j  inches  5  but  by  fom« 
very  ingenious  and  accurate  experiments,  the  late  celebrated  Mr. 
George  Graham  found  the  true  leQgth  to  be  29-nySui  inches,  or 
39I  inches  very  nearly.   * 

The  length  of  the  pendulum  vibrating"  feconds  at  Paris  was 
found  by  Varin,  Des  Hays,  De  Glos,  and  Godin,  to  be  44a|^lincs  | 
by  Picard  440^  lines  ;  and  by  Mairan  440-j^  lines. 

In  our  firft  volume  (book  II.  ch.ii.),  where  the  theofv  of 
pendulums  was  laid  down,  we  remarked  that  the  length  of  the 
iecorid  pendulum  was  difFerent  in  different  parts  of  the  earth. 
It  would  not  be  eafy  to  exhibit  a  completely  accurate  theorem 
for  the  length  of  the  pendulum  at  all  places  on  the  earth*s  fur- 
face  :  but  the  beft  and  mofl  fimple  with  which  we  are  ac- 
Juainted  was  firft  given  by  Mr.  Krafft  in  the  New  Peterfburgh 
Memoirs,  vol.  vii.  It  is  this:  if  x  be  the  length  of  a  pendulum 
that  fwings-  feconds  in  any  given  latitude  /,  and  in  a  tem- 
perature of  10  degrees  of  Reaumur*s  thermometer,  theq  will 
the  length  of  that  pendulum,  for  that  latitude,  be  thus  exprefled^ 
viz. 

x=  (439*178  -f  2*321  X  (in.V)  lines  of  a  French  foot. 

And  this  expreffion  agrees  very  nearly,  not  only  with  all  the  ex- 
periments made  on  the  pendulum  in  Kuflia,  but  alfo  with  thofe 
of  Mr. Graham,  and  thofe  of  Mr.  Lyons  in  79^50' north  latitude^ 
where  he  found  its  length  to  be  24 1*38  lines. 

Since  metals  expand  by  heat  and  contra<%  by  cold^  pendulums, 
which  are  conftitutcd  chie^y  of  metal,  muft  be  fubje^l  tov;|rta- 
tions  in  confequence  of  fuch  expanfion  and  contra&ion ;  and 
various  are  the  contrivances  which  have  been  devifed  to  coned^ 
the  errors  in  the  eflimates  of  time  which  have  been  thus  pro- 
duced :  a  few  of  thefe  will  here  be  defcribed. 

Thp  vulgar  method  pf  reifpedyiog  the  inconvenience,  arifing 
f^om  the  e.xtenfion  and  contratElion  of  the  rods  of  common  pen- 
dulums is  by  applying  the  bob,  or  imall  ball,  with  a  fcrewy 
at  the  lower  end ;  by  which  means  the  pendulum  is  at  any 
time  made  longer  or  fhprter,  as  the  ball  is  fcrewed  downwards 
or  upwards ;  and  taus  ^he  time  of  its  vibration  is  kept  coptiiiu;illy 
the  fame. 

The  .gridiron  pendulum  was  the  invention  of  Mr.  John  Har- 
rifon,  a  very  ingenious  artift,  and  celebrated  for  his  invention  of 
the  watch  for  finding  the  difference  of  Ipxiji^itude  at  fea^  f^bo^ 
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♦  « 
tKeycar  1725  ;  and  of  feveral  other  time-keepers  and  watches 
fiiice  that  time :  for  all  which  he  received  the  parliamentary  rcr 
ward  of  between  ^o  and  30  thoufand  pounds.  It  confifls  of 
5  rods  of  fteel,  and  4  of  brafs,  placed  in  an  alternate  order ; 
the  middle  rod  being  of  fteel,  by  which  the  pendulum  ball  is 
fufpended:  thefe  rods  of  brats  and  fteel,  thus  placed  in  an 
alternate  order,  and  fo  conneded  with  each  other  at  their  ends» 
that  while  the  expanOon  of  the  fteel  rods  ha^  a  tendency  to 
lengthen  the  pendulum,  the  expanfion  of  the  brafs  rods,  a<9;ing 
upwards,  tends  to  fiiorten  it.  And  thus,  when  the  lengths  of 
the  brafs  and  fteel  rods  are  duly  proportioned,  their  expanfions 
and  contra£tions  will  cxaAly  balance  and  corre£l  each  orhery 
and  fo  prcferve  the  pendulum  invariably  of  the  fame  length. 
The  fimpllcity  of  this  ingenious  contrivance  is  much  in  its  fa- 
vour ;  and  the  difficulty  of  adjuftment  feems  the  only  objection 
to  it. 

Mr.  Harrifon,  in  his  iirft  machine  for  meafuring  tkne  at  fea* 
applied  this  combination  of  wires  of  brafs  and  fteel,  to  pre- 
vent any  alterations  by  heat  or  cold;  and  in  the  machines 
or  clocks  he  has  made  for  this  purpofe,  a  like  method  of 
guarding  agaidft  the  irregularities  ariCng  from  this  caufe  if 
ufed. 

The  principal  objefiions  to  this  mode  of  compenfation  are» 
/ft.  The  difficulty  of  exactly  adjufting  the  lengths  of  the  rods, 
idly.  Of  proportioning  their  thickneis,  fo  that  they  (hall  all 
begin  to  expand  or  contrail  at  the  fame  inftant.  3d]y.  The 
connecting  bars  of  a  pendulum  thus  conftru£te3  are  apt  to 
move  by  ftarts.  4thly.  This  kind  of  pendulum  is  more  ex- 
pofed  to  the  air's  refiftance  than  a  fimple  pendulum* 

Another  excellent  contrivance  for  the  fame  purpofe  is  de« 
fcribed  by  M.  Thiout,  a  French  author  on  clock-making.  It 
was  u&d  in  the  north  of  England  by  an  ingenious  artift  abouc 
40  years  ago.  This  invention  is  as  follows : .  a  bar  of  the  fame 
metal  with  the  rod  of  the  pendulum,  and  of  the  fame  dimen- 
iionsi  is  placed  againft  the  back  part  of  the  clock-cafe :  from 
the  top  of  this  a  part  projefks,  to  which  the  upper  part  of  the 
pendulum  is  conneAed  by  two  fine  pliable  chains  or  filkea 
ftrings,  which  juft  below  pafs  between  two  plates  of  hrafs, 
whole  lower  edges  will  always  terminate  the  length  of  the  pen- 
^lum  at  die  upper  end.  Inefe  plates  are  fupported  on  a  pe- 
deftal  fixed  to  the  back  of  the  cafe.  The  bar  refts  upon  an 
ihunoveable  bafe  at  the  lower  part  of  the  cafe,  and  is  inferted 
into  a  groove;  by  which  means  it  is  always  retained  in  the 
iame  pofition.  From  this  conftruftion,  it  is  evident  tliat  the 
eictenfion  or  contraction  of  this  bar,  and  of  the  rod  of  the 
pendulum,  will  be  equals  and  ia  contrary  direCtions.^    For,  fup* 
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pofe  th&tod  of  the  pendulum  to  be  expanded  any  given  ijuait^ 
tity  by  heat  ^  then,  as  the  lower  end  of  the  bar  refts  upon  a 
fixed  point>  the  bar  wiU  be  expanded  upwards,  and  iraife  the 
upper  end  of  the  pendulum  jufl:  as  much  as  its  length  was  in- 
creafed  i  and  hence  its  length  below  the  plates  will  be  the  fame 
a&  before. 

In  VoigtV  Magazin  fuer  den  neveften  Zuftande  de  Na- 
turkunde,  vol.  iv.  are  defcribed  the  gridiron  pendulums  of  Mr* 
Senzenberg,  which  are  compofed  of  lead  and  iron.  Mr.  B.  was  in- 
duced to  employ  lead  on  account  of  its  great  dilatabillty,  which  is 
tD'irona8  2'57  to  i,  fo  that  16*5  inches  of  lead  compenfate  1*3 
of  iron  j  and  he  chofe  iron  in  preference  to  flccl,  bccaufe  eafier 
to  work.  The  compenfation  was  made  by  a  fmgle  rod  in  the 
(tentre,  l5^.^  inches  long,  French  meafure,  and  half  an  inch  thick. 
It  was  fimply  pinned  into  gorges  in  the  crofs- piece  of  cop- 
per ;  but  the  other  parts  of  the  gridiron  were  rivetted  in  the 
iifual  way.  The  iron  rods  were  made  of  the  beft  thick  iron 
iBire, 

The  materials  of  this  pendulum  ate  cheap,  and  it  maybe  made 
in  a  couple  of  days.  As  the  prefTure  takes  place  in  a  vertical  di- 
zedion,  there  is  no  danger,  according  to  Mr.  B.,  of  rods  of  thefe 
dimeniions  bending. 

To  correal  the  compenfation,  the  central  rod  of  lead  muft  be 
left  fo  long  that  we  may  be  fure  the  compenfation  is  in  excefs« 
The  quantity  of  error  may  then  be  found  by  the  freezing  appara- 
tus, and  how  much  it  is  requifite  to  cut  from  the  rod  may  be 
.  calculated  with  the  greateft  exafinefs. 

The  mercurial  pendulum  was  the  invention  of  the  ingenioda 
JAr.  Graham,  in  confequence  of  feveral  experiments  relating  to 
the  nwterials  of  which  pendulums  might  be  formed,  in  I7i5- 
Its  rod  is  made  of  brafs,  and  branched  towards  its  lower  end, 
fo  as.  to  embrace  a  cylindric  glafs  veflel  13  or  14  inches  long, 
and  about  2  inches  diameter  i^  which  being  filled  about  1 2. 
inches  deep  with  mercury,  forms  the  weight  or  ball  of  the 
pendulum.  If  upon  trial  the  expanfion  of  the  rod  be  found 
too  great  for  that  of  the  mercury,  more  mercury  muft  be 
poured  into  the  veffel :  if  the  expanfion  of  the  mercury  ex- 
ceeds that  of  the  rod^  fo  as  to  occafion  the  clock  to  go  faft 
with  heat,  fome  mercury  muft  be  taken  out  of  the  veiTel,  fo  aa 
to  (horten  the  column.  And  thus  may  the  expanGon  and  con- 
traftion  of  the  quickClver  in  the  glafs  be  made  exaGly  to  ba-^ 
'  lance  the  expanfioii  and  contraction  of  the  pendulum  rod,  fo  as 
to  preferve  the  diftance  of  the  centre  of  ofcillation  from  the  point 
of  fufpenfion  invariably  the  fame. 

Mr.  Graham  made  a  clock  of  this  fort,  and  compared  it  vC^cth 
one  of  the  beft  of  the  common  fortj  for  three  years  together  j  wheii 
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lie  found  the  errors  of  his  biit  about  oiie-eighth  part  of  thofe  of 
the  latter.    Philof.  Tranf.  numb.  392. 

Thfe  only  defect  we  have  ever  heard  afcrlbed  to  this  pendulurft, 
is  that  the  expanfion  of  the  mercury  commences  fooner  than  that 
of  the  rod :  but,  after  all,  there  are  many  ftrong  jlroofs  of  its 
plra£kical  excellence. 

The  levdr  PENDULUM.  From  all  that  appears  concerning  this 
conftrudion  of  a  pendulum,  we  are  inclined  to  believe  that  the 
idea  of  making  the  difference  of  the  expanfion  of  different 
metals  operate  by  means  of  a  lever  originated  with  Mr. 
Graham,  who  in  the  year  1737  conftrudtcd  a  pendulum, 
having  its  rod  compofed  of  one  bar  of  fteel  between  twoW 
brafs,  which  afted  upon  the  fhort  end  of  a  lever,  to  the  othet 
end  of  which  the  ball  or  weight  of  the  pendulum  was  fuf- 
pended* 

This  pendulum  however  was,  upon  trial,  found  to  move  fty 
jerks  \  and  therefore  laid  afide  by  the  inventor,  to  make  way  fof 
the  mjcrcurial  pendulum,  J uft  mentioned.  ^ 

Mr.  Short  informs  us  m  the  Philof.  Tranf.  vol.  47,  art.  88, 
that  a  Mr.  Frotheringham,  a  quaker  in  Lincolnfhire,  caufed  a 
pendulum  of  this  kind  to  be  made:  it  confided  of  two  bars,  one 
of  brafs,  and  the  other  of  fteel,  fattened  together  by  fcrews, 
with  levers  to  raife  or  let  down  the  bulb ;  above  which  thefe 
levers  were  placed.  M,  CaflSni  too,  in  the  Hiftory  of  the 
Royal  Academy  of  Sciences  at  Paris,  for  1741,  defcribes  two 
ibrts  of  pendulums  for  clocks,  compounded  of  bars  of  brafs  and 
fteel ;  and  in  which  he  applies  a  lever  to  raife  or  let  down  the  bulb 
of  the  pendulum,  by  the  expanfion  or  contraction  of  the  bar  of 
brafs. 

Mr.  John  EUicott  alfo,  in  the  year  1738,  conftruftcd  a  pendu- 
lum on  the  fame  principle,  but  differing  from  Mr.  Graham's  in 
many  particulars.  The  rod  of  Mr.  fillicott's  pendulqm  was  com- 
Mfed  of  two  bars  only  ;  th<;  one  of  brafs  and  the  other  of  fteel. 
It  had  two  levers,  each  fuftaining  its  half  of  the  ball  or  weight  j 
with  a  fpring  under  the  lower  part  of  the  ball  to  relieve  the  le- 
vers from  a  confiderable  part  of  its  weight,  and  fo  to  render  their 
motion  more  fmooth  and  eafy.  The  one  lever  in  Mr.  Graham's 
conftrudlion  was  above  the  ball:  whereas  both  the  levers  in  Mr. 
EUicott's  were  within  the  ball ;  and  each  lever  had  an  adjufting 
fcrew,  to  lengthen  or  (horten  the  lever,  fo  as  to  render  the  adjuft- 
inent  the  more  perfed.  See  the  Philof.Tranf.  vol.  47,  p.  479; 
where  Mr.  EUicott's  methods  of  conftruAion  are  defcribed,  and 
illuftrated  by  figures. 

Notwithftanding  the  great  ingenuity  difplaycd  by  thefe  emi-. 
xient  artift«  on  this  conftruCHon,  it  muft  further  be  obferved,  in 
the  hiftor;  of  improvemeuts  of  this  pature^  that  Mr.  Cum* 
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ming,  anoAcr  eminent  artift,  has  given>  in  hU  Eflays  on  t^^ 
Principle^  of  Clock  and  Watch-work,  Loud.  1766,  ah  ample 
defcription,  with  plates,  of  a  conftrufHon  of  a  pendulum  with 
levers,  in  which  it  feems  he  has  united  the  properties  of  Mr. 
Graham's  and  Mn  Eilicott's,  without  being  liable  to  any  of  the 
dcfe£ls  of  either.  The  rod  of  this  pendulum  is  comj^ed  of 
ope  fiat  bar  of  braf^  and  two  of  fteel :  he  ufes  three  levers 
witliin  the  ball  of  the  penduhim ;  and,  among  many  other  in- 
genious contrivances,  for  the  more  accurate  adjufting  of  this 
pendulum  to  mean  time,  it  is  provided  with  a  fmall  ball  and 
^rew  below  the  principal  ball  or  weight,  one  entire  revolution 
of  which  on  its  forew  will  only  alter  the  rate  of  the  clock's  going 
oae  fecond  per  day  ;  and  its  circumference  is  divided  into  30^ 
one  of  which  divifions  will  therefore  alter  its  rate  of  going  one 
fecond  in  a  months 

Mr.  Edward  Trough  ton  hai  lately  invented  a  tubular  pendu- 
lum, which  a£ls  on  the  principle  of  the  gridiron  pendulum :  {n 
this  conftru<Stion  the  apparent  rod  is  a  tube  of  bnifs  reaching 
from  the  bob  nearly  to  the  top;  this  contains  another  tube  and 
five  wires  in  its  belly,  fo  difpofed  as  to  produce  ahogether  (like 
the  nine«bar  gridiron  of  Harrifon)  three  expanfions  of  (leel 
downwards, .and  two  of  brafs  upwards;  whofe 'lengths  being 
inverfely  proportioned^  to  their  dilatation,  when  prop<^rly  com- 
bined, deftroy  tlie  virhole  cffefl:  that  either  metal  would  have 
fingly.  The  fmall  vifible  part  of  ^e  rod  near  the  top  is  a  brafs 
tube>  whoie  ufe  is  to  cover  the  upper  end  of  the  middle  wire» 
which  is  (ingle,  and  other  wife  unfupported.  Drawings  of  this 
pendulum  may  be  fecn  in  Nicholfon's  Journal,  No.  36.  N.  S. . 

After  all,  fo  long  as  the  vibration  of  pendulums  is  perforn:ied 
in  a  medium  of  varying  denfity  we  muft  not  look  for  an  91CCU- 
tate  time-piece  for  afcertaining  the  longitude,  &c. ;  unlefsta 
ielf'Corrrediing  mercurial  pendulum  could  be  contrive'd,  adapted 
to  countera^};  the  fmalleft  variations  eiFeded  by  the  ambieiit 
air.  The  errors  of  a  time-piece  are  but  half  CQrre£^ed  by  the 
fabrication  of  pendulums  adaj^d  to  obviate  the  expantloii  of 
metals  by  increafe  oJF  temperature^  if  the  works  themfdves  {UH 
vemain  conftru^ed  of  lluch  expanfrble  materials.  A  correal 
time^piece,  th^efons,  will  be  that  of  which  not.only  the  v^oAs 
and  pendulum  are  conftru£ied  of  die  icaft  expanfible  matci^atSf 
but  die  pendulum  itfelf  fhall  vibrate  in  a  medium  of  unalterable 
denfity ;  a  defidetatum  only  to  be  obtained  by  caufing  the  vibra- 
tions to  be  performed  in  vacuoj  or  by  a  felf-correfting  pendi^ 
,  lum,  as  above  allufled  to.  Mr.*G.  }•  Wright,  of  Keimiagton, 
who  has  foQie  obfervations  on  thb  iubjc<£  in  Tilbch's  Fhilo- 
fophical  Magazine^  No.  57.  lays  the  bed  fubftance  tocompofe 
the  woiis  of  a  correal  time-keeper  is  ivory,  or  the  horn  of  tl^c 
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tian^Kal  or  fba-umcbrn  (wnich  is  alinoft  entirely  compofed  df 
enamel) ;  efpecially  if  aiiv  means  were  known  of  increafmg  the^ 
hardnefs  fo  as  to  vie  with  the  metals. 

The  mod  general  remedy  againft  the  diief  inconremences  of 
pendulums,  is  to  make  them  hng^  to  vKMrate  mfmaB'ire^'y  and 
to  have  the  bobs  as  ponderous  as  is  confident  wimthe  ftrudure 
of  the  machine.  In  thofe  cafes  where  if  is  wiihed  to  hicreafis 
the  time  of  vibration  without  increafing  the  length  of  the  pen*' 
lum,  recourfe  muft  be  had  to  die  angular  pendulum^  the  theory 
of  which  has  been  given  in  art.  3 1 1»  vol.  L  • 

PENSTOCK  is  a  flutce  or  floodgate,  ferving  to  retain  of 
let  go  at  pleafure  the  water  of  a  mill*pond.  Tne  foDowing  ia 
a  defcription  of  a  pentrough  and  (lock  for  equalifing  the  water 
falling  on  water-wneels,  by  George  Quayle,  efq. 

To  infure  a  regular  fupply  of  water  on  the  wheel,  and  to  ob« 
tiate  the  inconveniences  arifihg  from  the  ufual  mode  of  ddivtr- 
ing  it  from  the  bottom  of  the  pentrough,  this  met^ted  b  devifed 
of  regulating  the  quantity  delivered  by  a  float,  and  taking  the 
whole  of  the  water  from  the  furface. 

Se£tion  of  the  pentrough.  (Plate  XV1«  fig.  4.)  A,  the  en** 
trance  of  the  water.  B,  the  float,  having  a  circular  aperture  in 
the  centre ;  in  which  is  fufpended  C,  a  cylinder,  running  down 
in  the  cafe  E  below  the  bottom  of  the  pentroueh.  This  id 
made  water  tight  at  the  bottom  of  the  pentrough  at  F,  by  a 
leather  collar  placed  between  two  plates,  and  fcrewed  down  to 
the  bottom. 

The  cylinder  is  fecured  to  the  float  fo  as  to  follow  its  rife  and 
fall ;  and  the  water  is  admitted  into  it  through  the  opening  in 
its  fides,  and  there,  pafling  through  the  box  or  cafe  E,  rtfes  and 
ifiiies  at  G  on  the  wheeL  By  this  means,  a  unilbrm  quantity  ol 
irateris  obtained  at  G;  whicn  quantity  can  bSe  increafedor  dimi-^ 
fiiihed  by  the  afliftance  of  a  fmall  rack  and  pinion  attached  to  tfie 
cylinder,  which  will  raife  or  deprefi  the  cylinder  above  or  under 
the  water  line  of  the  float ;  and,  by  raifing  it  up  to  the  top,  it 
flops  the  water  entirely,  and  anfwers  the  purpofe  of  the  common 
fhuttle*  This  pinion  is  turned  by  the  nandle  H,  fimilar  to  a 
winch-handle  \  and  is  fecured  from  running  down  by  a  ratchet* 
wheel  at  the  oppofite  end  of  the  pinion  axis. 

K  and  L  are  two  upright  rods  to  preferve  the  perpendicular 
irife  and  finking  of  the  float,  riinning  dxrougb  the  float,  and  fe« 
cured  at  the  top  by  brackets  from  the  fides. 

M,  a  board  let  down  acrofs  the  pentrough  nearly|to  the 
bottom,  to  prevent  the  horizontal  impulfe  of  the  water  from 
diftttibing  the  float.  * 

^>g-  5*  A  tranfverfe  fe&ton,  {hewing  the  mode  of  fixing  the 
rack  and  pinion,  and  their  fupports^  on  the  float*    The  rack  it 
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saferted  iafeo  a  piece  of  metal  running  acr&fe  the  cylinder  neat 
the  top*  That  the  water  may  pafs  more  freely  when  nearly  ex- 
haufted,  the  bottom  of  the  qfUnder  is  not  a  plane,  bufi  is  cut 
away  fo  as  to  leave  tvro  feet»  as  at  Ct  fig.  4.  The  float  is  alfo 
kept  from  lying  on  the  pentrough  bottom  by  four  fmall  feet  ^ 
fo  that  the  water  gets  under  it  regularly  from  the  firft. 

Fig.  d.  .  An  enJarged  view  of  the  cylinder,  (hewing  the  rack 
and  ratchet-wheeli  with  the  click,  and  one  of  the  openings  <m 
the  fide  of  the  cylinder :  the  winch  or  handle  being  on  the  op- 
pofite  iide,  and  the  pinion,  by  which  the  rack  is  raiferf,  indofed 
in  a  box  between  them,  Tranfa^ions  of  the  Society  of  ArtSy 
VoL  XI.  A.  D.  1793. 

PERSIAN-WHEEL.    See  Htotlaulic  Engines.  No.  4. 

PILE-ENGINE,  a  machine  by  which  piles  are  driven  into 
the  earth  for  the  foundations  of  piers  and  other  ftru^lures. 

Inpilcoengines  the  contrivance  confifts  in  drawing  up  a  great 
weight,  called  a  ram  or  hammer,  to  a  moderate  height,  and  then 
letting  it  fall  freely  with  a  confiderable  momentum  upon  the 
head  of  the  pile.  In  the  moft  fimpk  pile  engines  the  ram  is 
drawn  up  by  nien  pulling  at  a  cord  running  over  a  fixed  pulley, 
and  fufiering  tiie  cord  to  flip  from  their  hands  when  the  weight 
is  fufficiently  elevated.  Among  more  complex  engines,  the  beft 
w«  have  feen  are  thofe  invented  by  Mr.  Vauloue  and  by  Mr. 
S.  Bunee. 

Defcription  of  Vaxdouis  pile-engine.  (See  pi.  XXIL )  A  is  a 
great  upright  (haft  or  axle,  on  which  are  the  great  wheel  B 
2iid  the  drum  C,  turned  by  horfes  joined  to*  the  bars  S,  S. 
The  wheel  B  turns  the  trundle  X,  on  the  top  of  whofe  axis  is 
the  fly  O,  which  ferves  to  regulate  the  motion,  as  well  as  to  aft 
againft  die  horfes,  and  to  keep  them  from  falling  when  the 
heavy  ram  Q^is  difcharged  to  drive  the  pile  P  down  into  tht 
miad  in  the  bottom  of  the  river.  The  drum  C  is  loofe  upon 
the  fliaft  A,  but  is  locked  to  the  wheel  B  by  the  bolt  Y.  On 
this  druni  the  great  rppe  HH  is  vTound ;  one  end  of  the  rope 
being  fixed  to  the  drum,  and  the  other  to  the  follower  G^  to 
^v^hicii  it  is  conveyed  the  pulleys  I  and  K.  In  th^  follower 
G  is  contained  the  tongs  F,  that  take  hold  of  the  ram  Q  hy 
the  ftaple  R  fojr  drawing  it  up.  P  is  a  fpiral  or  fufee  fixed  to 
the  drum,  on  which*  is  wound  the  fmall  rope  T  that  goes  over 
the  pulley  U,  under  the  pulley  V,  and  is  fattened  to  the  top  of 
the  frame  at  ^^  To  the  pulley-block  V  is  hung  the  counter* 
po^e  Wf  which  hinders  the  follower  G  from  accelerating  as  it 
goes  down  to  take  hold  of  the  ram ;  ibr,  as  the  follower  tends 
to  acquire  velocity  in  its  de^:ent,  the  line  T  winds  downwards 
upon  the  fufee  on  a  larger  and  larger  radios,  by  which  means  the 
counterpoife  W  a£ls  ftronger  and  ftron|;er  againft  it;  and  fg  al« 


iovn  itto  come  down  with  onlf  %  modemte  and  vmtwn  Te- 
locity. '  Tb^  bplc  Y.  locks  .the  driim  to  the  gwat  wheel,  being 
puihed  upward  by  the  fmall  l^yer  at  which  goes  through  a  mor- 
tife  in  die  ibaft.  A^  turns  upon  a  pin  in  the  bar  3»  fixed  t0  the  creat 
wheel  B,  ^nd  has  .a  w/ught  4,  which  alwyiy)  teqda  to  pum  up 
the  boll  Y  through  the  wheel  into  the  drum.  L  i»  the  great 
lever  turning  on uie  axis  xn,  and  reftlng  upon  the  fcn^cing  bar  j>5» 
which  goes  through  a  hollow  in  the  &aft  A,  and  beara  up  the 
little  lever  2.  .. 

By  the  horfes  going  round,  the  great  rope  H  is  wound  about 
the  drum  C»  and  the  ram  QJs  drawn  up  by  $be  toiqp  F  in  t^e 
follower  G,  until  the  tongs  come  between  the  inclined  planee 
£ ;  which,  by  ihutting  the  tongs  at  the  top,  of^fiB  it  at  the 
foot,  and  difcharges  the  Tam,  which  falls  down  between  the 
guided  i  i  upon  the  pile  P,  and  drives  it  by  a  few  ftrokes  as  fur 
into  the  mud  as  it  will  go }  after  which,  the  top  part  is  fawed 
off  dofe  to  the  mud  bv  an  engine  {or  that  purpple.  Immediately 
after  the.  ram  is.difcnarged,  the  piece  6  upon  the  follower  G 
takes  bold  of  the  ropes  a  a,  which  raife  the  end  of  the  lever  I« 
and  caufe  its  end  N  to  defcend  and  prefs  down  the  forcing  bar 
5  upon  the  litde  lever  a,  which,  by  pulling  down  the  bolt  Y, . 
unlocks  the  drum  C  from/ the  great  wneel  B^  and  then  the  fol- 
lower being  at  liberty  comes  down  by  its  own  weight  to  the 
ram;  and  the  lower  ends  of  the  tongs  flip  over  the  ftaple  R,  and 
the  weight  of  their  heads  caufes  them  to  fall.oatward  and  (hut 
upon  it.  Then  the  weight  4  pu<he&  up  the  bojt  Y  into  the  drum^ 
which  locks  it  to  the  great  wheel,  and  fo  the  ram  is  drawn  up  aa 
before. 

Aa  the  foUower  comes  down,  it  caufes  the  drum  to  turn  back* 
vacd^  and  unwinds  the  rope  fro«n  it,  whilft  the  horfes,  great 
wbeel,  trundle,  and  fly,  go  on  with  an  uninterrqpted  aiotioii  | . 
and  as  the  drum,  is  turning  backward,  the  counterpoife  W  ia 
drawn  up^  and  it9  tope  T  wound  upon  the  fpiral  fu^e  I). 

There  are  feveral.hoks  in  the  under,,  fide  of  the  drum^ 
and  the  bolt  Y  always  takes  the  firft  of  them  that  it  finds,  when 
the  drum  ftops  by  the  falling  of  the  follower  jupon  the  rami 
until  whidi  ftoppage  the  bolt,  has  not  time  to  flip  into  jany  of  the 
holes*  r>i,^ 

The  peculiar  advantages  of  tliis  engine  |re,  that  the  weight 
called  the  ram,  or  hammer,,  may  be  raifed  with  the  leaft  foroe  | 
that,  when  it  is  raifed  to  a  proper  height,  it  re'adily  difengagea 
itfelf  and  falls  with.tbe  utmoft  freedom;  that  the  forceps  or 
tongs  are  lowered  down,  fpeedily,  and  inftantly  of  themlelvea 
agaui  lay  hold  of  the  ram  and  lift  it  up. 
This  engine  was  placed  upon  a  bairge.on  the  water^  and  fo  waa 
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eaiil^  counted  to  wy  place  deGred .  The  ram  wis  i  ton  wtj^ ; 
itid  die  guides  k  hf  by  wlMi  it  was  let  felU  wcve  3pfeetli%h» 

D^criptim  9fBunci*s  PUi^englnii 
9ig.  I  and  2.  plate  XXU.  reprefait  a  (idte  and  front  feAioa 
of  the  machine.  The  diief  parts  are^  Ay  fig*  i.  which  are  two 
endkis  ropes  or  chains,  conne&ed  by  crols  pieces  of  irony  B 
(fig.  2«)|  correfponding  with  two  cro(s  grooves  cut  diametricaUy 
oppofite  in  the  wheel  C  (fig.  i.)i  into  which  they  are  recdved; 
and  by  which  means  the  rope  or  chain  A  is  carried  round* 
FHK  is  a  fide-view  of  a  ftrdng  wooden  frame  moveable  on  the 
txis  H.  D  is  a  wheel,  over  which  the  chain  paflcs  and  tums 
within  at  the  top  of  the  frame.  It  moves  occaGonally  from  F 
to  G  upon  the  centre  H,  and  is  kept  ia  the  pofition  F  by  the 
weight  I  fixed  to  the  end  K«  In  fi^r  3.  L  is  the  iron  lamt 
^hich  is  connected  Mrith  the  crofs  pieces  by  the  hook  M.  N 
is  a  cylindrical  piece  of  wood  fufpended  at  the  hook  at  0» 
which,  by  Aiding  freely  up  the  bar  that  conned  the  hook  to 
the  ram,  always  bring  the  hook  upright  upon  the  chain  when 
at  die  bottom  of  the  machine,  in  tli^  pofition  of  GP«  See 
fig.  I. 

Whenthe  man  at  S  turns  the  ufual  crane-work,  the  ram  being 
conneAed  to  the  chain  and  pafling  between  the  guides,  is  drawn 
up  in  a  trarpendicttlar  dire^ibn  \  and  when  it  is  near  the  top  of 
-die  machine,  the  projecting  bar  Q^of  the  hook  firULes  againft 
a  crofs  piece  of  wood  at  R  (fig.  x.)»  ^uid  confequently  dif- 
charges  the  ram;  while  the  weight  I  of  the  moveable  frame  in* 
ftantly  straws  the  upper  wheel  into  the  pofition  (hewn  at  F,  and 
keeps  the  chain  free  of  the  ram  in  its  defcent.  The  hook,  while 
defcenditig,  is  prevented  from  catching  the  chain  by  the  wooden 
piece  N  :  for  that  piece  being  fpecifi^y  lighter  than  the  ivoa 
^ight  below,  and  moving  with  a  leis  degree  of  velocity,  canaot 
eome  imo  contad  with  uie  ^on  till  it  is  at  the  bottom  and  the 
ram  ftops.  It  then  falk,-a0d  again  conne&s  the  hook  with  the 
chain,  which  draws  up  the  ram  as  before. 

In  this  machine,  as  well  as  Vauloue^s,  the  motion  of  the  fijft 
iKrheet  ia-mmeoRupted,  fo  diat  very  little  time  is  loft  in  the 
operation::  with  a  flight  alteration  it  might  be  .made  to  worii 
vg'^  Ifprfes.  It  has  the  advantage  over  Vauloue's  engine  in 
point  of  fimpligity  ;  it  inav  be  originally  conftmAed  at  kfs 
expence,  and  is  not  fo  liable  to  be  deranged.  Both,  faow« 
ever,  are  ingenious  pefformsQces,  and  part  of  their  coiiftmc«> 
tion  might  be  advaptai^uflv  introduced  into  other  machinee. 

P1P&,  for  conveyifn^  0/  water,  for  pumps,  water-enpncs, 
ice.  are  ufually  of  lead,  iron,  earth,  or  wood :  dieiaiier  ar« 
n^ualiy  made  of  oak  or  elder.    Thofe  of  iron  are  csft.  in  forges  \ 


ijhm  uAial  lengdi  k  about  ttro  feet  tnd  a  \iz\U  federal  of  thde 
are  commonly  faftmied  together  by  means  of  four  fciews  at  eadi 
end|  with  leather  or  old  hat  between  them,  to  flop  the.wateiu 
Thofe  of  earth  are  made  by  the  potters;  ^fe  are  fitted  intodiieL 
another^  one  end  being  always  made  wider  than  the  other. .  To 
join  them  the  clofer  and  prevent  their  bteaking,  they  are  eo>« 
vered  with  tow  and  pitch :  their  length  is  uiuaUy  about  that  of 
the  iron  pipes.  The  wooden  pipes  are  trees  bor^d  with  large 
iron  augers  of  different  fizes,  beginning  with  a  lefs,  and  then 
prdceeding  with  a  larger  fucceffiyely ;  the  firft  being  pointedf 
the  reft  being  formed  like  fpoons,  increafmgi  in  diameter'  from 
one  to  fix  inoies  or  more :  the  pipes  are  fitted  into  the  extiremi- 
ties  of  each  other  (as  repxefented  in  pi.  XXII.  fig.  i.),  and  are 
fold  by  the  foot. 

Wooden  pipes  are  bored  either  by  a  borer  advancing  hori«- 
«oiitally  while  the  wood  to  be  pierced  is  turned  round,  in  fome 
fuch  manner  as  in  boring  of  ordnance ;  or,  by  caufing  the  tim«> 
ber  to  be  gradually  advanced,  while  the  boxer  turns  round:  the 
latter  meuiod  is  the  moil  common.  The  apparatus  moft  fine* 
quently  adopted,  when  the  firft  mover  is  a  ftream  of  water,  is 
ttKit  tevenled  by  M*  Mt»rel,  and  defcribed  by  Belidor  (Ardii- 
tenure  Hydraulique,  tom.  I.).  This  machinery  b  reprefismed 
at  pi.  XXlI.  fig.  I.  where  the  vertical  wheel  A  is  put  into  mo* 
tion  by  water  defcending  upon  it  through  a  trough  or  fl<^jng 
canal :  upon  the  horizontal  axle  of  this  wheel  is  a  cog-awheel  B, 
which  gives  motion  to  the  lanterns  C,  D,  the  common  axis 
ef  thefe  lanterns  being  in  a  vertical  pofition.  The  lantern  D 
turns  at  the  fame  time  two  cog-wheels  E  and  F  t.  the  firft,  £^ 
which  is  vertical,  turns  the  auger  that  bores  the  wood ;  and  the 
fecond,  Fy  which  is  horizontal,  has  attached  to  it  by  a  pin  which 
is  at  a  fmall  diftance  from  its  centre,  a  lever  or  armH,  with  a 
hook  at  its  end,  taking  into  the  iiidentations  of  one  of  Ae 
wheels  of  the  carriage  that  carries  the  wood  to  be  bored.  An# 
^er  lever,  f ,  hatiging  upon  the  former,  is  ^evented  from 
fadling  by  a  fpring,  and  pu(hes  bv  its  extremity  againft  the 
'  notdies  in  the  lower  end  of  the  iame  wheel.  Thus,  as  the 
cog-wheel  turns  round,  the  carriage-wheel  is  fiift  pulled  for<' 
ward  by  the  hook  and  lever  H,  and  then  pufhed  backward  at 
fiEtf  bythie  arm  I ;  by  this  means  caufing  a  pinion  upim  the  axle 
of  the  earriage*wheel  to  advance  the  raclcworlc  above  it,  to«4 
gether  with  the  timber  to  be  bored :  fo  that  the  timber  ,u  ad-* 
vanced  by  a  flight  reciprocating  motion  of  the  carriage.  The 
auger,  being  genersdiy  fonte  feet  in  length,  plays  in  hofes  in  two 
pieces  L,  L,  which  retain  it  in  its  horizontal  pofitioii;  and  thus 
it  forms  a  cylindrical  cavity  in  the  wood,  as  requiied. 
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PLANET  WMEEL*  arc  wheels  by  whofe  mtitual  connexion 
a  variable  angular  motion)  fuch  as  that  of  the  radius  veflor  of 
a  planet  in*  its  orbit,  may  be  exhibfted.  The  common  con- 
trivance now  in  ufe  for  this  purpofe  was  invented,  we  think« 
by  Dcfagnliers :  it  confifts  of  two  elliptical  wheels  conncfted 
either  by  tefcth  running  into  each  other,  or  b;^  a  band ;  thefe 
wheels  revolve  on  their  foci,  and  while  the  driving  ellipfcs  move 
wiiformly,  the  radius  ve£tor  of  the  other  has  th&  required 
notion. 

A  much  older,  and  at  the  fame  time  f&r  better^  method  than 
Aat  of  DefaguHcr's,  is  defcribed  in  the  firft  volume  of  the 
Recveil  des  Machines  ct  Inventions  approuvecs  par  T Acad.  Roy; 
dcs  Sci.  1699  :  it  was  the  invention  of  M.  JoU  de  Dijon.  The 
following  account  of  this  method  is  tranflated  from  the  work 
jcift  mentioned.  * 

If  it  be  defircd  to  move  a  wheel  of  24  teeth  by  a  pinion  of 
6,  in  fuch  a  manner  that  in  fome  parts  of  its  revolution  it  (hall 
move  as  fwiftly  as  if  it  had  but  12  teeth,  and  in  other  parts  a« 
-flowly  as  if  it  had  48  teeth,  the  method  of  aceomplifliing  this  is 
as  follows:  

i.  Defcribe  the  redangle  LMNO  (fig.  i.  pi.  XXIIL)  having 
its  fide  NO  equal  to  the  radii  of  the  great  wheel  and  the  pinion 
taken  together,  and  its  breadth  LN  equal  to  their  thicknefs  % 
which  laft  muft  be  greater  the  more  confiderable  the  inequality 
of  the  propofed  movement.  Let  NO  be  fo  divided  in  Q^  that 
Qp  may  be  to  QN  as  6  to  48,  that  is  to  fay,  reciprocally  as  the 
.  velocity  of  the  pinion  to  die  greateft  velocity  of  the  wheel.  Alfo 
divide  LM  in  r  in  the  proportion  of  6  to  12,  or  reciprocally  a^ 
Ac  velocity  of  the  pinion  to  the  leaft  velocity  of  the  wheel; 
Then  join  PQ^  and  draw  as  many  lines  SR  parallel  to  LM,  as 
there  are  intended  to  be  teeth  in  the  great  wheels ;  upon  which 
write  the  degrees  of  velocity  they  exprefs,  w^ii«h  are  in  the  in- 
verfe  ratio  of  their  lengths. 

2.  Let  two  truncated  cones  be  formed  inthe  lathej  one  equal 
to  that  which  would  be  formed  by  the  revolution  of  die  trape-^ 
zoid  LPQN  about  LN  as  an  atis  \  and  the  other  equal  to  what 
wduld  bclormed  by  the  rcvohition  t)f  the  trapez<>id  P(^MO 
aboiit  the  axis  MO.  On  the  largeft  of  thefe  two  cones  let  the 
circles  generated  by  the  revolution  of  the  points  P,  T,  Q,  be 
marked  and  dtftingutihed  by  the  fame  numeral  figures-  as  the 
correfponding  parallels  of  the  reftangle  LO.  ■  Upoii  thd  two 
bafes  of  the  conic  fruftrum  defcribe  radial  lines,  which  ifaaU 
make  angles- at  the  centre  (fig.  3.)  in  the  fame  proportion  ti> 
«a£h  other  as  iiie  intended  velocities  of  the  wheel,  as^exprefiedL 
in  fig.  ;t.  aiid'le(  teeth  be  cut  in  the  curv^  iurface.of  the  coti<i> 
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correfpon^ding  with  ihefe  lines :  after  this,  look  on  tlie  dtdei 
that  exprefs  the  different  velocities^  and  havt;  been  traced  ott 
'  the  fame  furface,  to  find  what  patt  pf  each  tooth  ought  to 
remain  oppofite  its  correfponding  radius,  and  cut,  or  file  the 
reft' away.  Thus  will  the  teeth  lie  in  an  oblique  or  ellip- 
tical curve 'on  the  conical  furface^as  is  exhibited  in  the  figure 
by  a  darker  (hade.  The  pinion  mcrft  be  made  of  a  regular  conic 
(hapCi  as  is  ihewn  at  MO  in  fig.  3. 

By  this  contrivance  the  hrgeft  or  wldeft  teeth  will  alwSiys 
meet  the  largeft  part  of  the  pinion,  and  the  narroweft  will  cor-] 
ftfpond  wim  the  fmalleft  part :  on  which  account,  though  tRe' 
motion  of  this  pinion  be  uniform,  the  wheel  will  be  carried  un-. 
equably,  according  to  the  ^gned  law. 

In. a  fimilar  manner  may  planet-wheels  be  defcribcd  to  exhibit 
any  other  propofcd  variation. 

PRESS,  a  machine  of  wood,  of  iron,  fervingto  fquee;^^  any  • 
body  very  clofe. 

PreiTes  ufually  confift  of  fix  pieces :  two  flat  imoQth  '  planks, 
between  which  the  things  to  be  prefTed  are  laid  ;  two  fcfews  or 
worms  faftened  to  the  lower  plank,  and  pafiing  through  two 
holes  in  the  upper ;  and  two  nuts  in  form  of  an  S,  that  ferve 
«>  drive  the  upper  plank,  which  is  moveable,  againft  the  lower, 
which  isfixbd. 

^  Presses  ufed  fir  exprefftng  Liquors  are  in  mofl:  refpe£ls  the 
fame  with  the  common  prefles,  only  the  under  plank  is  pierf(>-' 
rttt«d  with  a  great  number  of  holes  tor  thejuice  to  run  through. 
Others  have  only  one  fcrew,  or  atbor^  pafling  through  the  mid*-* 
die  of  the  moveable  plank,  which  defcends  into  a  kind  of  fquare 
box  full  of  holes,  through  which  the  juices  flow  as  the'arbor  is 
turned. 

"  'Press  ufedhyj&iners  to  keep  clofe  the  pannel8,"^&c.'  of  wain- 
fizot,  confifts  of  two  fcrews, .  and  two  pieces  of  wood,  four  or 
five  inches  fquare,  and  two  or  three  feet  long,  whereof  the  holes 
at  two  ends  ferve  for  nuts  to  the  fcrews.  < ' 

'  Founders*  ^RBSs,  is  a  ftrong  fquare  frame,  confifting  of  four 
pieces  of  wood  firmly  joined  together  with  tenons,  &c.  It  is 
of  various  fizes :  two  of  them  are  required  to  each  mould  at 
die  two  exttemes  whgreof  they  are  placed  ;  fo  as  that,  by 
driving  wooden  wedges .  between  the  mould  and  fides*  of  the 
prefs,  die  two  parts  of  the  mould  for  the  metal  may  be  prefled 
clofe  together. 

.  Press,  binder/ cuttingly  is  a  machine  ufed  equally  by  book- 
binders^ ftationers,  and  pafteboard-makers  *,  cohltfting  of  two 
large- pieces  of  wood  in  form  of  cheeks,  conne£^cd  by  two 
ftrong  woodtdn  fCr^ws  \  which,  being  turned  by  an  inm  bar, 
draw  t#getber,  or  let  ^funder,  the  che^ks>  ass  much  as  is'necef* 
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&f7  fot^ihe  paUbg  in  tluc  boojca  t>r  paper  tp  he  cut.    Tht 

cheek?  are  placed  length  wife  on  a  wooden  ftand}  in  form  of 
a  chefty  into  which  the  cuttings  fall.  Afide  of  the  ckedcs  are 
two  pieces  of  wood  of  the  fame  length  with  thie  fcrews,  ferving 
to  direfi  the  cheeks^  and  prevent  their  opening  uae<E|ualty, 
Upon  the  dieeks  the  plough  moves,  to  which  the  cutting-knine 
IS  fattened  bv  a  fcrew;  which  has  its  kejr,  to  difmonxit  it,  oil 
cccafion,  to  oe  iharpened. 

The  plough  confide  of  feveral  parts;  ampng  the  reft,  a 
wooden  fcrew  or  worm,  which,  catching  within  the  nuts  of  the 
two  feet  that  iiiftain  it  on  the  cheeks,  {brings  the  knife  to  ^» 
|>OQk  or  paper  which  is  fattened  in  the  prefs  between  two  boards. 
This  fcrew,  which  is  pretty  long,ha9two  diretiories,  whiehi  re« 
Ibmble  thofe  of  the  fcrews  of  the  prefs*  To  make  the  plofigh 
ilide  fquare  and  even  on  the  cheeks  fo  that  the  knife  may  mafEO 
an  equal  paring,  that  foot  of  the  pk)ugh  where  ^he  knife  is  sot 
fixed.  Aides  in  a  kind  of  groove,  fattened  along  one  of  the  pheek$« 
liaftly^  the  knife  is  a  piece  of  fteel,  fix  or  fevex^  inches  Ipng,  fla^ 
thin,  and  (harp,  terminating  at  one  epd  in  a  po|n^,  like  ^hat  of  a 
fword,  and^  at  the  other^  in  a  fquare  fpripi  wnich  feryes  tx>h^ea 
it  tothe  plough.  : 

As  the  long  knives  ufed  by  u$  in  the  ciit|3ng  pf  books  or 
p^ers  are  apt  to  jump  in  the  cutting  thick  book$,  the  Dutc^  sirb- 
fatd  to  u&  circunr  knives  with  an  edge  all  rpim^^  Y^hich  act 
cmW  cut  more  tteadily,  but  laft  lon^  without  grinaii^. 

Various  other  prefles  are  uffsd  m  different  arts  ai|d  XfW^f 
hSt\ixe&\  but  It  does  not  feem  neceflary  to  giye  particttlsur  4e^ 
fcriptions  of  any  others,  iexcept  the  prefs  uwd  in  pr^otifig  of 
1)ooks,  and  the  rolUng  prefs  ufed  in  coppeir-p)ate  printing* 

The  common  PRiNTXNG-/r^  reprefented  in  plate  XiQljl.  is  % 
curious  and  rather  complex  machine*  The  body  confitts  ol 
two  ttrong  cheeks,  a^a,  ftandtng  perpendicularly,  and  jcHaed 
together  by  four  crofs-pieces^  the  Cap  },  and  the  head  r^  which  is 
moveable,  being  partly  fuftained  by  two  jonon  pins  or  loi^  fciew- 
holts  that  pais  the  cap;  the  till  or  ihi^  d^,  by  whiteh  Ae 
fpindle  and  its  apparatus  ar<e  kept  in  their  proper  pofiidpn^  and 
tae  winter  f ,  which  bear$  thje  cairriage,  and  futtains  ri»e  efiort  of  the 
prefs  beneath.  The  fpindle/ is  an  upright  piec^  of  iron  pointed 
with  fteel,  having  a  male  fcrew,  whic^  goes  into  the  feflsaie  one 
in  the  head  abo^t  four  in|ches.  Through  the  eye  g  of  this 
fpindie  is  fattened  the  bar  t^  by  nvhich  the  prefiman  makes  the 
fmpreffip>^*  1*he  fpindle  paffes  thrpugfa  a  hole  in  the.  middle  of 
the  till;  and  its  point  works  into  a  brafs.  pam  or  nut,  fiqinlied 
^ith  oil,  which  is  fixed  to  an  iron  plate  let  :intp  the  top. of  the 
^lat^  The  body  of  |the  ipmd}e  19  futtainpd  in  the  centre  of 
Sii  openicame  of  poliihed  iron^  i»  i»«^  2r  3i<3^ficfid  to  it  isi 


fofih  a  manner  as,  vithimt  obftniding  its  free  play,  to  keep  it  in 
a  fteadf  dire£Hon;  atid  at  the  fame  tim^  to  ferve  for  fufpcnding 
the  platen.    This  frame  confifts  t>f  two  parts^  the  upper  called 
the  garter^  i^  I ;  the  under  called  the  cranes  a,  2.  '"Thefe  are 
iconneded  together  by  two  fhort  legs  or  boks,  3,  3;  which 
being  fixed  below  in  the  two  ends  of  the  crane,  pals  upirard 
through  4wo  holes  in  the  till,  and  are  received  at  top  into  two 
eyes  at  the  ends  of  the  garter,  where  they  are  fecured  by  fcrewa. 
The  carriage  77  is  placed  a  foot  below  the  platen,  having  its 
fore-part  fupported  by  a  prop  called  Acfire-fiay^  while  the  other 
ptAs  on  the  winter.   On  this  carriage,  which  fuftatns  the  plank, 
are  nailed  two  long  iron  bars  or  ribs;  and  on  the  plank  ate 
nailed  ih'ort  pieces  of  iron  or  'fteel  called  cramp-irons^  equally 
tempered  with  the  ribs,  and  which  Aide  upon  them  when  the 
plank  is  turned  in  or  out.     Under  the  carriage  is  fixed  a  long 
piece  of  iron  called  the^fV,  with  a  double  wheel  in  the  middle, 
round  which  leadier  girts  are  faftcned,  nailed  to  each  end  of 
the  plank:  and  to  the  outfide  of  the  fpit  is  fixed  a  vounce  m^  or 
handle,  to  turn  round  the  wheeL    Upon  the  plank  is  a  fquare 
frame  or  coffin,  in  which  is  inclofed  a  poliflied  ftone  on  which 
the  form  n  is  laid ;  at  the  end  of  the  coffin  are  three  frames, 
^iz.  the  two  tympaps  and  friiket:  die  tympans  0  are  fquare,  and 
made  of  three  flips  of  yerjr  thin  wood,  and  at  the  top  a  piece  of 
iron  ftill  thinner;  that  called  the  puur  iymfian  is  fattened  with 
hinges  to  the  coffin:  they  are  both  covered  with  parchment; 
and  between  the  two  are  placed  blankets,  which  are  necef- 
fary  to  take  oflF  the  impreffion  of  the  letters  upon  the  paper* 
The  frifket  ^  is  a  fquaie  frame  of  thin  iron,  fattened  with  hinges 
to  the  tympan:  it  is  coveted  with  paper  cut  in  the  neceflary 
places,  that  the  iheet,  which  is  put  between  the  friiket  and  the 
^eat  or  outvrard  tympan,  may  receive  the  ink,  and  that  nothing 
may  hurt  the  margins.    To  regulate  the  margins,  a  (heet  of 
paper  is  fattened  upon  this  tympan,  which  is  called  the  tympan 
Jbeet;  and  on  each  fide  is  fixed  an  iron  point,  which  makes  two 
holes  in  the  iheet,  which  is  to  be  placed  on  the  fame  points 
when  the  impreffion  is  to  be  made  xai  the  other  fide*    In  pre* 
paring  the  preis  for  working,  the  parchment  which  covers  the 
imter  tympan  is  wetted  rill  it  is  very  foft,  in  order  to  render  the 
jmpremon  more  equable;  the  blankets  are  then  put  in,  and 
fecured  from  ilipping  by  the  inner  tympan:  then,  while  one 
preffiftiaa  is  beattng  the  letter  with  the  balls  covered  with  ink 
taken  from'  die  ink*block,  the  other  perfon  places  a  Iheet  of 
white  paper  on  the  tympan  iheet;  turns  down  the  friiket  upon 
it,  to  keep  die  paper  clean  and  prevent  its  (lipping;  then,  bring- 
lOg  the  tympana-  upon  die  ferm^  and  turning  die  rounce,  he 
hf ings  the  forn^  wub  tbe  ftootr&cv  wdighing  about  300  lbs. 
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weight,  under  the  phten;  pulU  with  the- bar,  by  which  mmas 
the  platen  preiTes  the  blankets  and  paper  clofe  upon  the  letlsery 
whereby  half  the  form  is  printed;  theneafing  the  bar, he  draws 
the  form  Aill  forward ;  gives  a  fecond  puU,  and  letting  go  the 
bar,  turns  back  the  form*  takes  up  the  tympans  and  frUket, 
takes  out  the  printed  (heet,  and  lays  on  a  freih  one^  and  this  is 
repeated  till  he  h^s  taken  off  the  impreliion  upon  the  full  num- 
ber of  iheets  the  edition  is  to  conGfl  of.  One  fide  of  the  (beet 
being  thus  printed,  the  form  for  the  other  is  laid  upon  the  pre(% 
and  worked  off  in  the  fame  manner. 

The  Rol/ifiz-mEss  ufed  in  copper-plate  printing,  is  reprefented 
in  Rg.  3  pi.  aV.  This  machine,  like  the  common  prefs)  may  be 
divided  into  two  partSj  the  body  and  carriage,  analogous  to  tbofe 
in  the  other. 

The  body  confifls  of  two  cheeks  PP  of  different  dimenfionsy 
ordinarily  about  four  feet  and  a  half  high,  a  foot  thick,  and  two 
and  a  half  apart,  joined  at  top  and  bottom  by  crofs  pieces.  The 
<:hecks  are  placed  perpendicularly  on  a  wooden  ftand  or  foot, 
LM,  horizontally  placed,  and  fuiUining  the  whole  preis.  From 
the  foot  likcwife  rife  four  other  perpendicular  pieces,  r,  r,  ^>  c^ 
joined  by  other  crofs  of  horizontal  otics  dj  d,  d,  which  may  be 
confidered  as  the  carriage  of  the  pre{i»,  as  fervii^  ^o  fuftaia  a 
ftnooth,  even  plank,  HiK,  about  four  feet  and  a  half  long»  two 
feet  and  a  half  broad,  and  an  inch  and  a  half  thick;  upon  which 
the  engraven  plate  is  to  be  placed.  Into  the  cheeks  go  two 
wooden  cylinders  of  rollers  DE,  FG,  about  fix  inches  in  diame- 
ter, borne  up  at  each  end  by  the  cheeks»  whofe  ends,. which  are 
lefTcned  to  about  two  inches  diameter,  and  called  trurnikns^  turn 
in  the  cheeks  between  two  pieces  of  wood,  in  form  of  half* 
moons,  lined  with  polifhed  iron,  to  facilitate  the  motion.  The 
fpace  in  the  half*moons,  left  vacant  by  the  trunnion,  is  filled 
with  paper,  paftebbard,  &c.  that  they  may  be  raifed  and  lowered 
at  difcretion  \  fo  as  only  to  leave  the  fpace  between  thorn  necef- 
fary  for  the  pafiage  of  the  plank  clurged  with  the  plati^paper^ 
and  blankets.  Laitly,  to  one  of  the  truonion^  of  theupp^r  roller 
is  fadened  a  crofs,  confiding  of  two  levers  AB,  or  pieces  of 
wood,  traverfing  each  other.  The  arms  of  this  crofs  ferve  in 
{ieu  of  the  handle  of  the  commo;n  prefs;  giving  a  motion  to 
the  upper  roller,  and  that  to  the  under  one;  by  which  isieani 
the  plank  is  protruded,  or  pafled  between  them. 

The  pra£)^ice  of  printing  from,  copppr-platcs  is  neiprly  as  fol- 
lows. Fhe  workmen  take  a  fmall  qiiantity  of  the  ink.  on  a. 
rubber  made  of  linen  rags,  flrongly  lipund  about  ea9h  other,  and 
with  this  fmear  the  whole  f^ce  of  the  plate  as  it  lies  on  a  .grate, 
over  a  charcoal  fire.  The  plate  being  fufficiqntly  inked*  they 
firft  wipe  it  over  with  a  foul  rag,  thpa  lyith  th^  palm  of  d^eir  left 
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liandy'&iid  then  with  that  of  the  right;  and  to  dry  the  band  and 
forward  the  wiping,  they  rob  it  from  time  to  time  in  whiting. 
The  addreft  of  the  workmen  conAfts  in  wiping  the  plate  pcr- 
fedly  clean,  ^without  taking  the  ink  out  of  the  engraving.  The 
plate  thuS'  prepared  is  laid  on  the  plank  of  the  prefsi;  over  the 
|>fef«  18  laid  the  pa]^er,  firft  well  moiftened,  to  receive  the  im- 
imiSon;  and  over  the'  paper  two  or  three  folds  of  flanneL 
Things  being  thus  difpofed,  the  arms  of  the  crofs  are  pulled,  and 
by  that  means  the  plate  with  its  furniture  is  paiTed  through 
between  the  rollers,  which  pinching  very  (Irongly,  yet  equally, 
prefles  the  moiftened  paper  into  the  ftrokes  of  the  engraving, 
whence  it  ficks  out  the  ink>  and  receives  the  required  tra« 
preffion.      ►  .  »- 

PRESSURE  ENGINES  for  raiiing  water  by  the  preiTure  and 
defcent  of  a  column  inclofed  in  a  pipe,  have  been  lately  6reAed 
in  different  parts  of  this  country.  The  principle  now  adverted 
to  was  adopted  in  fome  machinery  executed-  in  France  aboat 
'73^  (fc^  Belidor  de  Arch.  Hydraul.  lib.  iv.  ch.  i.),  and  was 
like  wife  adopted  in  Cornwall  about  forty  years  ago.  But  the 
prefibre  engme  of  which  we  are  about  to  give  a  particular  de^ 
foriptioiT,  is  the  invention  of  Mr.  R.  Trevithack,  who  prdsabiy 
was  not  aware  that  any  thing  at-  all  fimilar  had  been  attempted 
before.  This  engine,  a  fedion  of  which,  on  a  fcale  of  a  quartet 
of  an  inch  to  a  foot,  is  ihewn  in  pLXXIIL  was  ere£ied  about 
fix  years  ago  at  the  Druid  Copper  Mine,  in  the  pari  A  of  Illogan, 
near  Truro»  AB  reprefents  a  pipe  'fix  inches  in  diameter, 
through  which  water  deicends  from  the  head  to  the  place  of  its 
delivery  tOTun  oflF  by  an  adit  atS,  through  a  £dl  of  34  fathom 
in  the  whole;  that  is  to  fay,  in  a  clofe  pipe  down  the  flope  of  a 
hiU  •zoo. fathoms  long,  with  7^  fathoms  fall;  then  perpen* 
dieularly  fix  fathoms,  till  it  arrives  at  B,  and  thence  through  the 
engine  from  B  to  S  two  fathoms.  At  the  turn  B  the  water 
enters  into  a  chamber  C,  the  lower  part  of  whiqh  terminates  in 
two  brafs' cylinders  four  inches  in  diameter;  in  which  twb 
pingS  or  piftons  of  lead,  D  and  £,  are  capable  of  moving  up  and 
down  by  their  pifton  rods,  which  pafs  through  a  clofe  packing 
above,  and  are  attached  to  the  extremities  of  a  chain  leading 
ever  -add  properly  attached  to  the  wheel  Q,  fo  that  it  cannot 
flip. 

-  The  leaden  pieces  D  and  £  aie  caft  in  their  places,  and  have 
no  packing  whatever.  They  move  very  eafiiy;  and  if  at  any 
ifime  they  ihould  become  loofe,  they  may  be  fpread  out  by  a 
few  blows  vmh  a  proper  inflrument,  without  taking  them  out  of 
their  place.  On  the  fides  of  the  two  brafs  cylinders,  in  which 
D  sn4£  inote,  there  are  fqnare  holes  communicating  towards 
P  and  Gf  vr^ch  is  an  faerii^ontal  trunk  or  iquare  pipe,  four  inches 
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wide  and  three  inches  deep.  All  the  -odier  fip»  G|  Gi  and  R^ 
are  fix  inches  in  cbameter,  except  die  prioctpad  cyfinder  whereia 
the  pifton  H  mores  ;  and  this  cylinder  is  ten  inches  in  diametery 
and  admits  a  nine-foot  fkroke^  diough  it  is  hue  delineated  as 'if 
the  ftroke  were  only  three-foot.* 

The  pifton^pod  works  throng  a  fttdKng-boa  above*  and  ia  at- 
tached to  MNy  which  is  the  pit-rod*  or  a  perpendicular  i^eot 
divided  into  two»  fo  as  to  allow  its  alternate  motion  up  and 
down  and  leave  a  ^ace  between,  without  touching  die  fixed 
apparatus  or  great  cylinder.  The  pit-rod  ,ia  pndonged  down 
into  the  mine,  w^iere  it  is  employed  to  work  the  pumps,  or  tf 
the  engine  were  tippUed  to  null-work,  or  any  oilier  ttiie»  this 
rod  would  form  the  communication  of  die  firft  mover* 

KL  is  a  tuoftbler  or  tumbling^bob,  capable  of  being  moved 
on  the  gudgeons  V,  from  its  piefent  pofition  to  another,  in 
which  the  weight  L  ihaU  hang  over  with  the  £ime  incliaa^on 
en  the  oppofite  fide  of  f  he  perpendicular,  and  oonleqneiidy 
die  end  K  will  then  be  as  mudi  elevated  as  it  is  now  depreied. 

The  pipe  RS  has  its  lower  end  immerfed  in  a  ciftem,  by  which 
means  it  delivers  its  water  without  the  poffibiUty  of  the  eartcmal 
air  introducing  itfelf ;  fo  that  it  conftitutes  a  torricellian  ooloan 
or  water  barometer,  and  renders  the  whoiexolunut  fmm  A  to  S 
eiiedual :  as  we  (hall  fee  in  our  view  of  the  operation. 

Tifi  operation.  Let  us  fuppofe  the  lower  bar  KV  of  the 
tumbler  to  be  horizontal,  and  the  rod  PO  fo  fitaated,  as  that 
the  plugs  or  leaden  piftohs  D  and  £  (hall  lie  oppofite  to  eaeh 
other,  and  ftop  the  water-ways  G  and  F.  In  dus  ftate  of  dw 
engine,  though  each  of  thefe  piftons  is  prefied  by  a  fofoe  e<|m« 
valent  to  more  than  a  thoufand  pounds,  they  .wiU  remain  madon- 
lefs,  becaufe  thefe  a£Hon$  being  contrary  to  eaeh  odicr,  they  are 
conftantly  in  equilil^rio.  The  great  pi(ton  H  b«ng  here  (hewa 
as  at  the  bottom  of  its  cylinder,  the  tumbkr  is  to  bis  thrown  by 
hand  into  the  pofition  here  delineated*  Its<a6kion  iqponOP^ 
and  confequently  upon  the  wheel  Q^ draws  up  the  plug  Dy 
and  deprefles  £,  ib  that  the  water*way  G  beeames  open  from 
AB,  and  that  of  F  to  the  pipe  R:  the  water  eonfccpiendy  de-^ 
fcends  from  A  to  C;  thence  to  G  G  G,  until  it  z(k%  beneatk 
the  piftcm  H.  This  preiTuie  raifes  the  jdfton,  and  if  there  be 
any  water  above  the  pifton,  it  cau(es  it  to  rife  and  pafs  .through 
F  into  R.  During  the  rife  of  the  pifton  (which  carries  the  pit- 
rod  MN  along  with  it),  a  Aiding  block  of  wood  I,  fixed  lo  thia 
rod,  is  brought  into  contafi  with  the  •  tail  K  of  the  tumbler,  and 
raifes  it  to  the  horizontal  pofition,  beyond  which  it  overiets  by 
the  acquired  motion  of  the  weight  L* 

The  mere  rife  of  the  pifton,  if  there  were  no  ^didoaal  mo- 
tion in  the  tu^ibler,  would. only  bring  the  two  plugs  P  and  £ 
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to  the  pofi^cn  of  reft,  namely  to  clofe  G  and  F,  and  then  the 
engine  would  flop  ;  but  the  fall  of  &e  tumbler  carries  the  plug 
D  dowtlwardil  quite  dear  of  the  hole  F,  and  the  other  plug  £ 
upwards,  quite  clear  of  the  hole  G.  Thefe  motions  require  no 
coitfumption  of  power,  becaufe  the  plugs  are  in  equilibrio,  as 
was  juft  obferved. 

'  In  dus  new  fituation  the  cdumn  AB  no  longer  communis 
otes  with  G>  but  a£ls  through  F  upon  the  upper  part  of  the 
pifton  H,  and  denreffes  it;  while  the  contents  of  the  great 
cylinder  beneath  that  pifton  are  driven  out  through  G  U  G, 
and  pafs  through  the  opening  at  £  into  R.  It  may  be  ob- 
fefved,  diat  the  column  which  ads  againft  the  pifton  is  aflifted 
by  diepreffure  of  die  atmofphere,  rendered  ztkivt  by  the  co- 
lumn ot  water  banging  in  R,  to  which  that  aflifting  pieflure  is 
eqcuvalent,  as  has  already  been  noticed* 

When  the  pifton  has  defcended  through  a  certain  lengthy  the 
ilide  or  block  at  T,  upon  the  pit-rod,  applies  againft  the  tail  K 
of  the  tumbler,  which  it  deprefles,  an^  again  ovenets ;  producing- 
once  more  the  pofition  of  the  plugs  DE,  here  delineated,  and 
the  confequent  afcent  of  the  great  pifton  H,  as  before  defcribed. 
The  afcent  produces  its  former  eSkGt  on  the  tumbler  and  plugs  \ 
and  in  this  manner  it  is  evident  that  the  alternations  will  go  on 
without  limit:  or  until  the  manager  fliaU  think  fit  ta place  the 
tumbler  and  plugs  DE  in  die  pofitions  of  reft)  namfly,  fo  as  to 
ftop  the  paflages  F  and  G. 

rhe  length  of  the  ftroke  may  be  varied  by -altering  the  pofi* 
tions  of  the  pieces  T  and  I,  which  will  (horten  the  ftroke  the 
nearer  diey  are  together;  as  in  that  cafe  they  will  fooner  alter* 
nate  upon  the  tail  K. 

As  the  fudden  ftoppage  of  the  defcent  of  the  column  AB,  at 
ilie  inftant  when  the  two  plugs  were  both  in  the  water-way, 
mi^ht  jar  and  fliake  the  apparatus,  thofe  plugs  are  made  half 
an  inch  ihorter  than  the  depdi  of  the  fide  holes )  fo  that  in  that 
cafe  the  water  can  efc2q>e  dire^Uy  through  both  the  fioiall  cylin* 
ders  to  R.  This  rives  a  moment  of  time  for  the  generation  of 
the  contrary  motion  in  the  pifton  and  the  water  in  G  G  G, 
and  gready  deadens  the  concuffi<xi  which  might  eUe  be  pro« 
dnced* 
Some  former  attempts  to  make  prefiiire  engines  upon  the 

Erincipk  of  the  fteam-engine  have  failed  \  becaufe  water,  not 
eing  elaftic,  could  not  be  made  to  carry  the  pifton  onwards,  a 
little,  lb  as  completely-  to  (hut  one  fet  of  valves  and  open  an- 
other. '  In  the  prefent  judicious  conftruftion,  the  tumbler  per- 
forms the  office  of  the  evpanfive  force  of  fteam  at  the  end  of 
$he  ftrpke. 
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Mr.  Bofwell  fttggefts>  as  a  conHderable  improvement,  that 
the  aflion  of  this  engine  fliould  be  made  elaitic  by  the  addition 
of  an  air-chambef)  on  the  fame  principle  as  that  uf^d  in  fire-* 
engines;  this,  he  thinks,  might  be  bed  efieded  by  making  the 

{ifton  hollo Wj  with  a  fmall  orifice^in  the  bottom*  and  of  a  larger, 
zc,  to  ferve  for  this  purpofe,  as  the  fpring  of  tne  air  would 
then  a£t  both  on  ^e  upward  and  downward  preflure  of  the 
water.     Nich,  Jour,  N.  S.  vols.  i.  ii. 

PULLEY,  one  of  the  limple  machines,  or,  as  they  are  com- 
monly called,  mechanical  powers :.  its  theory  is  laid  down  in  arts% 
148 — 151, 267,  &C.  of  our  firft  volivne.  The  prefcnt  article  is  in- 
troduced for  the  purpofe  of  mentioning  fome  ingenious  pradical 
combinations  of  pulleys,  in  addition  to  thofe  exhibited' in  pi.  VL 
▼oL  L 

The  ufual  methods  of  arranging  pulleys  in  their  blocks  may^ 
be  reduced  to  two.  The  firft  confifts  in  placing  them  one  by 
the  fide  of  another  upon  the  fame  pin :  the  omer,  in  placing 
them  dire£lly  under  one  another  upon  feparate  pins.  Each  of 
thefe  mediods  however  is*  liable  to  inconvenience*,  and  Mr. 
Smeaton,  to  avoid  the  impediments  tp  which  theftc  combinations* 
are  fubje£l,  propofes  to  combine  thefe  two  methods  in  one. 

A  very  confiderable  improvement  in  the  con(lru£tion  of 
pulleys  has  been  made  by  mr.  James  White,  who  obtained  a 
patent  for  his  invention,  of  which  he  gives  the  following  de- 
fcription.  Fig.  d.  pi.  XIX.  fhews  the  machine,  confiding  of 
two  pulleys,  Qjmd  R,  one  fixed  and  the  other  moveable.  Each 
of  thefe  has  fix  concentric  grooves  capable  of  having  a  line  put 
round  them,  and  thus  acting  like  as  many  different  pulleys^ 
having  diameters  equal  to  thofe  of  the  grooves.  .Suppofing 
then  each  of  the  grooves  to  be  a  diftin£l  pulley,  and  that  aU 
their  diameters  were  ecjual,  it  is  evident  that  if  the  weight  144 
were  to  be  raifed  by  pulling  at  S  till  the  pulleys  touch-  each 
other,  the  firft  pulley  muft  receive  the  length  of  "line  as  many 
times  as  there  are  parts  of  the  line  hanging  between  it  and  the 
lower  pulley.  In  the  prefent  cafe  there  are  12  lines  hy  d^f^  &c. 
hanging  between  the  two  pulleys,  formed  by  its  revolution  about 
the  fix  upper  and  lower  grooves.  Hence,  as  much  line  muft  pafs 
over  the  uppermoft  pulley  as  is  equal  to  twelve  times  the  di- 
ftance  of  the  two.  But,  from  an  infpeftion  of  the  figure,  it  is 
plain  that  the  fecond  pulley  cannot  receive  the  full  quantity  of 
line  by  as  much  as  is  equal  to  the  diltance  betwixt  it  and  the 
firft.  In  like  manner,  the  third  pulley  receives  lefs  thaii  the 
firft  by  as  much  as  is  the  diftance  between  the  firft  and  third  5 
and  fo  on  to  the  laft,  which  receives  only  one- twelfth  of  the 
whole.     For  this  receives  its  ftiarc  of  line  n  from  a  fixed  point 
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in  the  upper  frame,  which  gives  it  nothing;  while  all  the  otheis 
in  the  lame  frame  receive'  the  line  partly  t^  turning.  tl»  a»eet  itf 
and  partly  by  the  line  ooming  to  meet  them.  *nlir,z.  b*i  ..•  . 
•  Suppoung  now  thefe  pulleys  to  be  equal  in/fizej^  aodd^  J¥i^e^ 
freely  as  tjie  line  determines  them/lt  appears  <evideAt»  from.7|jb^«t!' 
nAure  of  the  fyftem,  that  the  number  of  their  revoiutionsf-  an^ 
confequently  their  velocities,  muft  be  in  proportion  to-  the  num-* 
bcr  pf  fufpending  parts  that  are  between  the  fixed  point  abpva 
mentioned  and  each  pulley  refpe£iively«  Thus  the  outermoilr 
pulley  woiild  go  twelve  times  round  in  the  time  that  the  pulley 
under  which  the  part  ft  of  the  line,  if  e^ual  to  it,  would  revolve 
only  once;  and  the  intermediate  times  and  velocities  would  be. 
a  feiies  of  arithmetical  proportionals,  of  which,  if  the  firft  numf» 
ber  were  l,  the  laft  would  always  be  equal  to  the  whole  number 
pf  terms.  Since  then  the  revolutions  of  equal  and  diilinft 
pulleys  are  meafured  by  their  velocicres,  and  that  it  is  poffible 
to  find  any  proportion  of  velocity  on  a  fingle  body  rui^ning  on 
a  centre,  viz.  by  finding  proportionate  diftanccs  from  that 
centre;  it  follows,  that  if  the  diameters  of  certain  grooves  ill 
the  fame  fubftance  be  exa£lly  adapted  to  the  above  feries  (the 
lin^  itfelf  being  fuppofed  inelailic,  and  of  no  magnitude),  the 
neceflity  of  ufing  feveral  pulleys  in  each  frame  will  be  qbviatedt 
and  with  that  fome  of  the  inconveniences  to  which  the  ufe  of 
the  pulley  is  liable. 

In  the  figure  referred  to,  the  coils  of  rope  by  which  the 
weight  is  fupported,  are  reprefented  by  the  lines  a,  ^,  r,  &c. : 
a  is  the  line  of  tradion,  commonly  called  the  fall,  which  paiTes 
over  and  under  the  proper  grooves,  until  it  is  faftened  to  the 
upper  frame  juft  above  n.  In  pra^ice,  however,  the  grooves 
are  not  arithmetical  proportionals,  nor  can  they  be  fo;  for  the 
diameter  of  the  rope  employed  muft  in  all  cafes  be  deduced 
frbm  each  term ;  without  which  the  fmaller  grooves,  to  which 
the  faid  diameter  bears  a  larger  proportion  than  to  the  larger 
onest  will  tend  to  rife  and  fall  fafter  than  they,  and  thus  intro- 
duce worfe  defedls  than  thofe  which  they  were  intended  to 
obviate. 

The  principal  advantage  of  this  kind  of  pulley  is,  that  it  ^e- 
ihrpys  lateral  frifiion,  and  that  kind  of  ihaking  motion  which  is 
ik>  inconvenient  in  the  common  pulley.  And  left  (£ays  Mr« 
White)  this  circumftance  ihould  give  the  idea  of  weaknefs,  I 
^ould  obferve,  that  to  have  pins  for  the  pulleys  to  run  on,  is 
not  the  only  nor  perhaps  the  beft  method;  but  mat  I  fometimes 
ufe  centres  fixed  to  the  pulleys,  and  revolving  on  a  very  Ihort 
bearing  in  the  fide  of  the  frame,  by  which  ftrength  is  increafcd, 
and  fridion  very  much  diminiihed;  for  to  the  laft  moment  the 
mpt^n  of  the  pujley  is  .perfcftly  circular:  and  thi*  very  circum- 
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ftanee  Is  the  caufe  of  its  not  wearing  out  m  the  centre  as  ibon 
as  it  would)  affifted  by  the  ever-increafing  irreguhiities  of  a 
lilted  bearing.  Thefe  pulleys,  when  well  executed,  apply  to 
jacks  and  other  machineli  of  that  nature  with  peculiar  advant* 
age,  both  as  to  the  time  of  going  and  their  own  durability ;  and 
it  is  poffible  to  produce  a  fyftem  of  pulleys  of  this  kind  of  fixkyf 

?*  ;ht  parts  only,  and  adapted  to  the  pocket,  which,  by  means 
a  fain  of  fewing  filk,  or  a  clue  of  common  thready  will  nufe 
l^ywards  of  a  hundred  weight. 

The  fffi£lion  of  the  pulley  is  now  reduced  to  nothing,  as  if 
were,  by  Mr.  Gamett's  ingenious  patent  fri£iion*rollers,  which 
produce  a  great  faving  of  labour  and  expence,  as  well  as  in  the 
wear  of  the  machine,  both  when  applied  to  pullers  and  to  the 
axles  of  wheel-carriages.  His  general  principle  is  tnis;  between 
die  axle  and  nave,  or  centre  {Hn  and  box,  a  hollow  fpace  is  lcfr» 
to  be  filled  up  by  folid  equal  rollers  nearly  touching' each  other. 
Thefe  are  furniihed  with  axles  inferted  into  a  circular  ring  at 
each  end,  by  whi^h  their  relative  diftances  are  preferred ;  and 
they  are  kept  parallel  by  means  of  wires  faftened  to  the  rings 
between  the  rollers,  and  which  are  rivetted  to  them. 

PUMP,  an  hydraulic  machine  for  raifing  water  by  the  preflure 
«f  the  atmofphere. 

The  moft  important  and  certain  part  of  the  theory  of  pumps 
has  been  laid  down  in  arts.  524 — 538,  of  our  firft  volume:  and 
the  conftru&ion  of  two  or  three  kinds  has  been  already  4e- 
fcribed  in  this  volume  under  the  articles  centrifugal  machine^ 
Tk'BCB.'-enginey  forcer,  and  htdraulic  engines.  A  few  other 
ufeful,  yet  not  complex,  pumps,  will  be  defcribed  in  die  prefent 
article:  and  fome  account  wUl  be  added  of  the  moft  ingenious 
pillons  and  valves. 

I.  A  modification  of  the  fucking-pump  which  has  been  much 
recommended,  is  exhibited  in  plate  XXV.  fig.  17.  Here  the 
fu&ion-pipe  CO  comes  up  through  a  ciftem  KMNL  deeper  or 
longer  than  the  intended  ftroke  of  the  pifton,  and  has  a  valve 
C  at  top.  The  pifton,  or  what  a£ls  in  lieu  of  it,  is  a  tube 
AHGB,  open  at  both  ends,  and  of  a  diameter  fomewhat  larger 
than  that  of  the  fu£tion-pipe.  The  interval  between  them  is 
filled  up  at  HG  by  a  ring  or  belt  of  foft  leather,  which  is  faft- 
ened to  the  outer  tube,  and  moves  up  and  down  with  it,  Aiding 
alang  the  fmoothly  poliflied  furface  of  the  fuAion-pipe  with 
very  little  fri£lion.  There  is  a  valve  I  on  the  top  of  this  pifton^ 
opening  upwards.     Water  is  poured  into  the  outer  ciftern. 

The  outer  cylinder  or  pifton  beine  drawn  up  from  the  bot- 
tom, there  is  a  great  rarefaction  of  the  air  which  was  between 
them,  and  the  atmofphere  prefles  the  water  up  through  the 
iudVion-pipe  to  a  certain  lieight^  for  thp  valve  I  keeps  mut  by 
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th^  pteflure  6f  .tHe  atmofphere  2nd  its  o^n  weight.    Piiftrhig 

down  the  pidon  caufes  the  airt  which  had  expatided  ffxnn  the 
fudlon-pipe  into  the  piftoni  to  efcape  through  the  valve:  I  % 
drawing  it  up  a  fecond  time  allows  the  atmofphere  to  prefs 
more  water  into  the  fu£iion*pipe,.  to  fill  it,  -and  alfo  part  of  the 
piflon.  When  this  is  puihed  down  again,  the  wat^r  which 
had  come  through  the  valve  C  is  now  forced  out  throo^  the 
valve  I  into  the  ciftern  KMNL,  and  now  the  whole  is  full  of 
water.  When,  therefore,  the  piflon  is  drawn  up,  the  •water. 
follows,  and  fills  it,  if  not  33  feet  above  the  water  in  the  ciftern; 
and  when  it  is  puflied  down  again,  the  water  whidi  fiHed  the 
piflon  is  all  thrown  out  into  the  ciftern;  and  after  this  it  de* 
livers  its  full  contents!  of  water  every  (broke.  The  water  in  the 
ciftern  KMNL  efTeftually  prevents  the  entrance  of  any  air  be- 
tween the  two  pipes;  fo  that  a  very  moderate  compreflion  of  the 
belt  of  foft  leather  at  the  mouth  of  tlie  pifton  cylinder  is  fuiiici- 
cnt  to  make  all  perfeclly  tight. 

It  mighc  be  made  differently.  The  ring  of  leather  might  be 
faftened  round  the  top  of  the  inner  cylinder  at  D£,  and  Hide  on 
the  infide  of  the  pifton  cylinder:  but  the  firft  form  is  moft 
eafily  executed.  Mufchenbroeck  has  given  a  figure  of  this 
pump  in  his  krge  fyftem  of  natural  philofophy,  and  fpeaks 
very  highly  of  its  performance.  But  we  do  not  fee  any  advan- 
tage which  it  pofTefles  over  the  commcm  fuckiiig^pump.  He 
indeed  fays  that  it  is  without  fri^iion,  and  makes  no  mention  of 
the  ring  of  leather  between  the  two  cylinders.  Such  a  pump 
will  raife  water  extremely  well  to  a  fmall  height^  and  it  feems 
to  have  been  a  model  only  which  he  had  examined:  but  if  the 
fu£lion-pipe  be  long,  it  will  by  no  nteans  do  without  the  leather; 
for  on  drawing  up  the  pifton,  the  water  of  the  upper  ciftern  will 
rife  between  the  pipes,  and  filPthe  pifton^  and  none  will  cdlne 
up  through  the  fuGion-pipe. 

We  may  take  this  opportunity  of  obferving,  that  the  many 
ingenious  contrivances  of  pumps  without  fri&ion  arc  of  little 
importance  in  great  works;  becaufe  the  fri£i:ion  which  is  com- 
pletely fufficient  to  prevent  all  efcape  of  water  in  a  wcll-con- 
ftrucled  pump  is  but  a  very  trifling  part  of  the  whole  force.  In 
the  great  pumps  which  are  ufed  in  mines,  and  are  worked  by  a 
fteam-engine,  it  is  very  ufual  to  make  the  piftons  and  valves 
without  any  leather  whatever.  The  working  barrel  is  bofed 
truly  cylindrical,  and  the  pifton  is  made  of  metal  of  a  fize  that 
will  juft  pafs  along  it  without  fticking.  When  this  i«  drawn 
up  with  the  velocity  competent  to  a  properly  loaded  machine^ 
the  quantity  of  water  which  efcapes  round  the  pifton  is  infigui- 
ficant.  The  pifton  is  made  without  leathers,  not  to  avoid  fric- 
tion, which  is  alfo  infignificant  in  fuch  works;  but  to  avoid  th« 
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necdCty  of  frequently  drawing  it  up  for  repairs  thxougli  fuch  a 
length  of  pipes* 

2*  If  a  pump  abfolutely  without  fri£lion  is  wanted,  the  fol- 
lowing feems  preferable  for  fimpltcity  and  performance  to  any 
we  have  feen,  when  made  ufe  of  in  proper  fituations.    Let  NO 
(fig.  i8.)  be  the  furface  of  the  water  in  the  pit,  and  E  the  place 
of  delivery*     The  pit  muft  be  as  deep  in  water  as  from  K  to 
NO.     ABCD  is  a  wooden  trunk,  round  or  fquare,  open  at 
both  ends*  and  having  a  valve  P  at  the  bottom.    The  top  of 
this  trunk  muft  be  on  a  level  with  K^  and  has  a  fmall  ciftem 
£ADF.      It  alfo  communicates   laterally  with  a  rifing  pipe 
GHK,  fumiihed  with  a  valve  at  H  opening  upwards.    LM  is 
a  beam  of  timber  fo  fitted  to  the  trunk  as  to  fill  it  without 
ftickingj  and  is  of  at  leaft  equal  length.    It  hangs  by  a  chain 
from  a  working  beam,  and  is  loaded  on  the  top  with  weights 
exceeding  that  of  the  column  of   water  which  it  difpUces* 
Now  fuppofe  this  beam  allowed  to  defcend  from  the  pofition  in 
which  it  is  drawn  in  the  figure;  the  water  muft  rife  all  around 
it,  in  the  crevice  which  is  between  it  and  the  trunk,  and  alfo 
in  the  rifing  pipe;  becaufe  the  valve  P  (huts,  and  H  opens;  fo 
that  when  the  plunger  has  got  to  the  bottom,  the  water  will 
ftand  at  the  level  of  K.     When  the  plunger  is  again  drawn  up 
to  the  top  by  the  a£lion  of  the  moving  power,  the  water  finks 
again  in  the  trunk,  but  not  in  the  rifing   pipe,  becaufe  it  is 
ftopped  by  the  valve  H.   Then  allowing  the  plunger  to  defcend 
again,  the  water  muft  again  rife  in  the  trunk  to  the  level  of  K, 
and  it  muft  now  flow  out  at  K;  and  the  quantity  difcharged 
will  be  equal  to  the  part  of  the  beam  below  the  furface  of  the 
pit-water,  dedu&ing  the  quantity  which  fills  the  fmall  fpace 
between  the  beam  and  the  trunk.    This  quantity  may  be  re- 
duced almoft  to  nothing;  for  if  the  infide  of  the  trunk  and  the 
outfide  of  the  beam  be  made  tapering,  the  beam  may  be  let 
down  till  they  exadly  fit;  and  as  this  may  be  done  in  fquare 
work,  a  good  workman  can  make  it  exceedingly  accurate.    But 
in  this  cafe,  the  lower  half  of  the  beam  and  trunk  muft  not 
taper;  and  this  part  of  the  trunk  muft  be  of  fufficient  width 
round  the  beam  to  allow  free  pafTage  into  the  rifing  pipe.     Or, 
which  is  better,  the  rifing  pipe  muft  branch  off  from  the  bottom 
of  the  trunk.  A  difcharge  may  be  made  from  the  ciftem  EADF, 
fo  that  as  little  water  as  poflible  may  defcend  along  the  trunk 
when  the  pifton  is  raifed. 

One  great  excellence  of  this  pump  is,  that  it  is  perfeflly  free 
from  all  the  deficiencies  which  in  common  pumps  refult  from 
want  of  being  air-tight.  Another  is,  that  the  quantity  of  wa- 
ter raifed  is  precifely  equal  to  the  power  expended ;  for  any 
want  of  accuracy  in  the  work,  while  it  occafions  a  diminution 
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of  the  quantity  of  water  difcharged^  makes  an  equal  dimimxtloti 
in  the  weight  which  is  abfolutely  neceflary  for  pufhing  down  the 
plunger.  We  have  feen  a  machine  confifting  of  two  luch  pumps 
fufpended  from  the  arms  of  a  long  beam,  the  upper  fide  of  which 
was  formed  into  a  walk  with  a  rail  on  each  fide.  A  man  flood  on 
one  end  till  it  got  to  die  bottom,  and  then  walked  gently  up  to 
the  other  end,  the  inclination  being  about  twenty-five  degrees 
at  firfty  but  gradually  diminifhed  as  he  went  along,  and  changed 
the  load  of  the  beam.  By  this  means  he  made  the  other  end 
go  to  the  bottom,  and  fo  on  alternately,  with  the  eafieft  of  all 
exertions,  and  what  we  are  moft  fitted  for  by  our  ftruAure. 
With  this  machine,  a  rery  feeble  old  man,  weighing  no 
pounds,  raifed  7  cubic  feet  of  water  1 1^  feet  Ugh  in  a  minute, 
and  continued  working  8  or  10  hours  every  day.  A  ftout  young 
man,  weighing  nearly  135  pounds,  raifed  By  to  the  fame 
height;  and  when  he  carried  30  pounds,  conveniently  flung 
about  him,  he  raifed  p^J:  feet  of  this  height,  working  10  hours 
a-day  without  fatiguing  himfelf.  This  exceeds  Defagulier's 
maximum  of  a  hogfhead  of  water  10  feet  high  in  a  minute,  in 
the  proportion  of  9  to  7  nearly.  It  is  limited  to  very  moderate 
heights;  but  in  fuch  fituations  it  is  very  efFe£lual.  Belidor  ap- 
plies a  nearly  fimilar  contrivance  to  the  working  of  double 
pumps  in  general. 

3.  The  moil  ingenious  contrivance  of  a  pump  without 
friclion  is  that  of  Mr.  Hafkins,  defcribed  in  Phil.  Tranf.  No, 
370,  and  called  by  him  the  Quicksilver  Pump.  Its  conflruc- 
tion  and  mode  of  operation  are  pretty  complicated;  but  tlie 
following  preliminary  obfervations  wiU,  we  hope,  render  it 
abundantly  plain. 

Let  there  (fig.  19.)  be  a  cylindrical  iron  pipe,  about  fix  feet 
1^^^>  open  at  top,  alfo  another  cylinder,  connected  with  it  at 
bdnom,  and  of  fmaller  diameter.  It  may  either  be  folid,  or,  if 
hollow,  it  muft  be  clofe  at  top.  Let  a  third  iron  cylinder,  of  an 
intermediate  diameter,  be  made  to  move  up  and  down  between 
the  other  two  without  touching  either,  but  with  as  little  interval 
as  poflible.  This  middle  cylinder  communicates,  by  means  of  the 
pipe  AB,  with  the  upright  pipe  Fj:,  having  valves  C  and  D 
(both  opening  upwards)  adjoining  to  the  pipe  of  communication* 
Suppofe  the  outer  cylinder  fufpended  by  chains  from  the  end  of 
a  working  beam,  and  let  mercury  be  poured  into  the  interval 
betweep  the  three  cylinders  till  it  fills  the  fpace  to  about  three- 
fourths  of  their  height.  Alfo  fuppofe  that  the  lower  end  of 
the  pipe  FE  is  immerfed  into  a  cittern  of  water,  and  that  the 
valve  D  is  lefs  than  33  feet  above  the  furface  of  this  water. 

Now  fuppofe  a  perforation  made  fomewhere  in  the  pipe  AB, 
and  a  communication  made  with  an  air-pump.     When  the 
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air-pump  is  worked,  the  air  contained  In  CE,  tn  AB,  and  in 
the  fpace  between  the  inner  and  middle  cylinders,  is  rarefied, 
and  is  abftradied  by  the  air-pump;  for  the  valve  D  imme- 
diately (huts*  The  preflure  of  the  atmofphere  will  caufe  the 
water  to  rife  in  the  pipe  CE,  and  will  caufe  the  mercury  to  rife 
between  the  inner  and  middle  cylinders,  and  fink  between  the 
outer  and  middle  cylinders.  Let  us  fuppofe  mercury  12  times 
heavier  than  water:  then  for  every  foot  that  the  water  rifes  in 
EC,  the  level  between  the  outfide  and  infrde  mercury  will  vary  an 
inch;  and  if  we  fuppofe  D£  to  be  30  feet,  then  if  we  can  rarefy 
the  air  fo  as  to  raife  the  water  to  D,  the  outfide  mercury  will  be 
deprefied  to  q^  r,  and  the  infide  mercury  will  have  rifen  to  j,  /, 
s  q  and  /  r  being  about  30  inches.  In  this  ilate  of  things, 
the  water  will  run  over  by  the  pipe  BA,  and  every  thing  will 
remain  nearly  in  this  pofition.  The  columns  of  water  and 
mercurv  balance  each  other,  and  balance  the  prefTure  of  the 
atmofpnerc. 

While  things  are  in  this  ftate  of  equilibrium,  if  we  allow 
the  cylinders  to  defcend  a  little,  the  water  will  rife  in  the  pipe 
FE,  which  we  may  now  confider  as  a  fu£tion-pipe;  for  by  this 
motion  the  capacity  of  the  whole  is  enlarged,  and  therefore  the 
preiTure  of  the  atmofphere  will  ftill  keep  it  full,  and  the  fitua« 
tion  of  the  mercury  will  again  be  fuch  that  all  fhall  be  in  equi- 
■librio.  It  will  be  a  little  lower  in  the  infide  fpace  and  higher 
in  the  outfide. 

Taking  this  view  of  things,  we  fee  clearly  how  the  water  is 
fupported  by  the  atmofphere  at  a  very  confiderable  height. 
The  apparatus  is  analogous  to  a  fyphon  which  has  one  leg 
filled  with  water  and  the  other  with  mercury.  But  it  was  not 
neceflSiry  to  employ  an  ahr-pump  to  fill  it.  Suppofe  it  again 
empty,  and  all  the  valves  fiiut  by  their  own  weight.  L^  the 
cylinders  defcend  a  little.  The  capacity  of  the  fpaces  below 
the  valve  D  is  enlarged,  and  therefore  the  included  air  is  rare- 
fied, and  fome  of  the  air  in  the  pipe  C£  mud  diffufe  itfelf  in^ 
the  fpace  quitted  by  the  inner  cylinder.  Therefore  the  atmo- 
fphere will  prefs  fome  water  up  the  pipe  F£,  and  fome  mercury 
■into  the  inner  fpace  between  the  cylinders.  When  tlie cylinders 
.  are  raifed  again,  the  air  wliich  came  from  the  pipe  CE  would 
return  into  it  again,  but  is  prevented  by  the  valve  C— Raifing 
the  cylinders  to  their  former  height  would  comprefs  this  air; 
it  therefore  lifts  the  valve  D,  and  efcapes.  Another  deprefiion 
of  the  cylinders  will  have  a  fimilar  efTedb.  The  water  will  rife 
higher  in  FC,  and  the  mercury  in  the  inner  fpace ;  and  then, 
after  repeated  ftrokes  the  water  will  pafs  the  valve  C,  and  fill 
the  whole  apparatus,  as  the  air-pump  had  caufed  it  to  do  before. 
The  pofition  of  the  cylinders,  when  things  are  in  this  fituation^ 
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is  reprefentcd  m  fig.  20.  the  outer  and  inner  cylinder  in  th^ir 
loweH:  pofition  having  defcended  about  30.  inches.     'Ihe  mer- 
cury in  the  outer  fpace  (lands  at  qy  r,  a  little  above  the  middle 
of  the  cylinders,  and  the  mercury  in  the  inner  fpace  is. near  the 
top  /  ^  of  the  inner  cylinder.     Now  let  the  cyhnders  be  drawn 
up.     The  water  above  the  mercury  cannot  get  back  again 
through  the  valve  C,  which  (huts  by  its  owp  weight.     We 
therefore  attempt  to  comprcfs  it;  but  the  mercury  yields,  and 
defcends  in  the  inner  fpace,  and  rifes  in  the  outer  till  both  are 
quickly  on  a  level,  about  the  height  v  v.      If  we  continue 
to  raife  the  cylinders,  the  compreffion  forces  out  more  mercury, 
and  it  now  ftands  lower  in  the  inner  than  in  the  outer  fpace. 
But  that  there  may  be  fomething  to  balance  this  inequality  of 
the  mercurial  columns,  the  water  goes  thcough  the  valve  D,  and 
the  equilibrium  is  reflofed  when  the  height  of  the  water  in  the 
pipe  £D  above  the  furface  of  the  internal  mercury  is  12  time$ 
the  difference  of  the  mercurial  columns  (on  the  former  fup« 
pofition  of  fpecific  gravity).     If  the  quantity  of  water  be  fuch 
as  to  rife  two  feet  in  the  pipe  ED,  the  mercury  in  the  outer 
fpace  will  be  two  inches  higher  than  that  in  the  inner  fpace. 
Another  depreflion  of  the  cylinders  will  again  enlarge  the  fpace 
within  the  apparatus,  the  mercury  will  take  the  pofition   of 
fig.  19.  and  more  water  will  come  in..,  Raifing  the  cylinders 
will  fend  this  water  four  feet  up  the  »pipe  ED,  and  the  mercury 
will  be  four  inches  higher  in  the  inner  than  in  the  outer  fpace. 
Repeating  this  operation,  the  water  will  be  raifed  flill  higher 
in  DE ;  and  this  will  go  on  till  the  mercury  in  the  outer  fpace 
reaches  the  top  of  the  cylinder;  and  this  is  the  limit  of  the 
performance.     The  dimenfions  with  which  we  fet  out  will 
enable  the  machine  to  raife  the  water  about  30  feet  in  the  pipe, 
ED;  which,  added  to  the  30  feet  of  CF,  makes  the  whole  height 
above  the  pit -water  60  feet.     By  making  the  cylinders  longer, 
we  increafe  the  height  of  FD.     This  machine  rauft  be  worked 
with  great  attention,  and  but  llowly;  for  at  the  beginning  of 
the  forcing  ilroke  the  mercury  very  rapidly  finks  in  the  inner 
fpace  and  rifes  in  the  outer,  and  will  dafh  out  and  be  loft.     To 
prevent  this  as  much  as  possible,  the  outer  cylinder  terminates 
in  a  fort  of  cup  or  difh,  and  the  inner  cylinder  (hould  be  tapered 
at  the  top. 

The  machine  is  exceedingly  ingenious  and  refined;  and  there 
is  no  doubt  but  that  its  performance  will  exceed  that  of  any 
other  pump  which  raifes  the  water  to  the  fame  height,  becaufe 
ixiOixow  is  completely  avoided,  and  there  can  be  no  want  of 
tightnefs  of  the  pifton.  But  this  is  all  its  advantage ;  and  from 
i^hat  has  been  obferved,  it  is  but  triflipg.  The  expence  would 
be  enormous ;  for  with  whatever  care  the  cylinders  are  madcj 
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die  interval  between  the  inner  and  outer  cylinders  muft  contain 
«  very  great  quantity  of  mercury.  The  middle  cylinder  muft 
be  made  of  iron  plate,  and  muft  be  without  a  feam,  for  the 
mercury  would  diflbive  every  folder.  For  fuch  reafons,  it  has 
never  come  into  general  ufe.  But  it  would  have  been  unpar- 
dofiable^to  have  omitted  the  defcription  of  an  invention  which 
is  fo  original  and  ingenious  ^  and  there  are  fome  occaGpns  where 
it  may  be  of  great  ufe,  as  in  nice  experiments  for  illuftrating 
the  theory  of  hydraulics,  it  would  give  the  fineft  piftons  for 
jneafuring  the  prcflures  of  water,  in  pipes,  &c. 

The  following  pump,  without  fridiion,  may  be  conftrufted 
in  a  variety  of  ways  by  any  common  carpenter,  without  the 
aiBftance  of  the  pump-maker,  or  pluirber,  and  will  be  very 
efFe&ive  for  raifing  a  great  quantity  of  water  to  fmall  heights, 
9$  in  draining  marfhes,  marie  pits,  quarries,  &c.  or  even  for  the 
iervice  of  a  houfe. 

4.  ABCD  (pi.  XXV.  fig.  21.)  is  a  fquare  trunk  of  carpenter's 
work  open  at  both  ends,  and  having  a  little  ciftem  and  fpout 
at  top.  Near  the  bottom  there  is  a. partition  made  of  board, 
perforated  with  a  hole  E,  and  covered  with  a  clack,  ffff 
reprefent  a  long  cylindrical  bag  made  of  leather  or  of  double 
canvas,  with  a  fold  of  thin  leather,  fuch  as  iheepikiny  between 
the  canvas  bags.  This  is  firmly  nailed  to  the  board  £  with  foft 
leather  between.  The  upper  end  of  this  bag  is  fixed  on  a  round 
board  having  a  hole  and  valve  F.  This  board  may  be  turned 
in  the  lathe  with  a  groove  round  its  edge,  and  the  bag  f^tftcned 
to  it  by  a  cord  bound  tight  round  it.  The  fork  of  the  pifton- 
rod  FG  is  firmly  fixed  into  this  board;  the  bag  is  kept  diftended 
by  a  number  or  wooden  hoops  or  rings  of  ftrong  wire/^y]^ 
ffy  &c.  put  into  it  at  a  few  inches  diftance  from  each  other.  It 
will  be  prc^r  to  cpnned  thefe  hoops  before  putting  them  in, 
by  three  or  four  cords  from  top  to  bottom,  which  will  keep 
them  at  their  proper  diftances.  Thus  will  the  bag  have  the 
form  of  a  barber's  bellows  powder-pufi^.  The  diftance  bdtween 
the  hoops  (hould  be  about  twice  the  breadth  of  the  rim  of  the 
wooden  ring  to  which  the  upper  valve  and  pifton-rod  are  fixed. 

Now  let  this  trunk  be  immerfed  in  the  water.  It  is  evident 
that  if  the  bag  be  ftretched  from  the  comprefied  form  which  its 
own  weight  will  give  it  by  drawing  up  the  piftoU'rod,  its 
capacity  will  be  enlarged,  the  valve  F  will  be  fhut  by  its  own 
weights  the  air  in  the  bag  will  be  rarefied,  and  the  atmofphere 
will  prefs  the  water  into  the  bag.  When  the  rod  is  thruft  down 
again,  this  water  will  come  out  by  the  valve  F,  and  fill  part  of 
the  trunk.  A  repetition  of  the  operation  will  have  a  fimilar 
cfFe£^ ;  the  trunk  will  be  filled,  and  the  water  will  at  laft  be 
difcharged  by  the  fpout* 
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Here  is  a  pump  ivithout  fnGCiony  and  perfe^ily  tight.  For 
the  leatlier  between  the  folds  of  canvas  renders  the  bag  imper«- 
vious  both  to  air  and  water.  And  the  canvas  has  very  con* 
fiderable  ftrength.  We  know  from  experience  that  a  bag  of 
fix  inchqs  diameter,  made  of  fail-cloth  No.  3.  with  a  iheep- 
ikin  between,  will  bear  a  column  of  15  feet  of  water,  and  ftand 
fix  hours  work  per  day  for  a  month  without  failure,  and  that 
the  pump  is  conGderably  fuperior  in  efFe£l  to  a  common  pump 
of  the  fame  dimenfions.  We  mufl  only  obferve,  that  the 
length  of  the  bag  mud  be  three  times  the  intended  length  of 
the  firoke;  fo  that  when  the  pifton-rod  is  in  its  higheft  pofition^ 
the  angles  or  ridges  of  the  bag  may  be  pretty  acute.  If  the  bag 
be  more  (Iretched  than  this,  the  force  which  muft  be  exerted  by 
the  labourer  becomes  much  greater  than  the  weight  of  the 
column  of  water  which  he  is  railing.  If  the  pump  be  laid 
aflope,  which  is  very  ufual  in  thefe  occafional  and  hafty  draw- 
ings, it  is  necefiary  to  make  a  guide  for  the  pifton-rod  within 
the  trunk,  that  the  bag  may  play  up  and  down  without  rubbing 
on  the  fides,  which  would  quickly  wear  it  out. 

The  experienced  reader  will  fee  that  this  pump  is  'very  like 
that  of  Goifet  and  De  la  Deuille,  defcribed  by  Belidor,  vol.  ii« 
p.  120,  and  mod  writers  on  hydraulics.  It  would  be  ftiU  more 
like  it,  if  the  bag  were  oa  the  under  fide  of  the  partition  £,  and 
a  valve  placed  further  down  the  trunk.  But  we  think  that  our 
form  is  greatly  preferable  in  peint  of  ftrength.  When  in  die 
other  (ituation,  the  column  of  water  lifted  by  the  pifton  tends  to 
burft  the  bag,  and  this  with  a  great  force,  as  the  intelligent 
reader  well  knows.  But  in  the  form  recommended  here,  the 
bag  is  somprejfedy  and  the  drain  on  each  part  may  be  made  much 
lefs  than  that  which  tends  to  burft  a  bag  of  fix  inches  diameter* 
The  nearer  the  rings  are  placed  to  each  other  the  fmaller  will 
the  ftrain  be. 

The  fame  bag-pifton  may  be  employed  for  a  forcing-pump, 
by  placing  it  below  the  partition,  and  inverting  the  valve;  and 
it  will  then  be  equally  ftrong,  becaufe  the  refiftance  in  this  cafe 
too  will  2lOl  by  compreflion. 

5.  An  ingenious  variation  in  the  conftru£lion  of  the  fucking- 

Eump,  is  that  with  two  pifton-rods  in  the  fame  barrel,  invented 
y  Mr,  Walter  Taylor,  of  Southampton.  A  vertical  fe£lion  of 
this  pump  is  given  in  fig.  i.  pi.  XXIV.  The  pifton-rods  have 
racks  at  their  upper  parts  working  on  the  oppofite  fides  of  a 
pinion,  and  kept  to  their  proper  pofitions  by  frifiion-rollers. 
The  valves  ufed  in  this  pump  are  of  three  kipds,  as  (hewn  at  a,  , 
bt  and  c.  The  former  is  a  fpheric  fegment  which  Aides  up  and 
down  on  the  pifton-rod,  and  is  brought  down  by  its  own  weight: 
the  fecondj  j>  is  called  the  pendulum- valve;  and  the  thirds  c^  19 
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a  g^obe  which  is  raifcd  by  tbe  rifing  water,  and  falls  again  by  it^ 
own  weight.  Each  of  thefe  valves  will  difengage  itfelf  from 
chips,  fand,  gravel,  &c.  brought  up  by  the  water.  In  this  kind 
of  pump  the  piftons  may  ehher  be  put  in  motion  by  a  handle  in 
the  ufual  way,  or  a  rope  may  pafs  round  tlie  wheel  ^  ^  in  a 
proper  groove,  the  two  ends  of  which,  after  crolTirig  at  the  lower 
part  of  the  wheel,  may  be  pulled  by  one  man  or  more  on  each 
fide.  A  pump  of  this  kind,  with  a  feven-inch  bore,  heaves  a  ton 
twenty-four  feet  high  in  a  minute,  with  ten  men,  five  only- 
working  at  a  ^ time  on  each  fide. 

6.  /;nother  improvement  of  the  common  pump  has  been 
made  by  Mr.  1  odd  of  Hull.  This  invention  in  fome  particular? 
bears  a  refemblance  to  the  ordinary  one,  but  he  has  contrived 
to  double  its  powers  by  the  following  means:  , 

Having  prepared  the  pifton-cylinder,  which  may  be  twelve 
feet  high,  he  cuts  from  the  bottom  thereof  about  three  feetj 
at  the  end  of  the  great  cylinder  he  places  an  atmofpheric-vaIve| 
and  to  the  top  of  the  imall  cylinder  a  ferving-valve.  In  the 
bottom  of  the  fmall  cyli^ider,  which  contains  the  ferving-valve, 
is  inferted  an  oblong  elliptical  curved  tube,  of  equal  calibre 
with  the  principal  cylinder,  and  the  other  end  is  again  inferted 
in  the  top  of  the  great  cylinder.  This  tube  is  divided  in  the 
fame  manner  as  the  firft  cylinder,  with  atmofpheric  and  ferving 
valves,  exaftly  parallel  with  the  valves  of  the  firft  cylinder. 
The  pump,  thus  having  double  valves,  produces  double  efFecls, 
which  cfFeds  may  be  ftill  further  increafed  by  extending  the 
^imenfions. 

TTie  cylinder  is  fcrewed,  for  fervice  on  a  male  tube-fcrew, 
which  projects  from  the  fide  of  a  refervoir  or  water  ciftem,  and 
is  worked  by  hand. 

The  pifton-plunger  is  worked  by  a  toothed  fcgment-whecl^ 
fimtlar  to  the  principle  of  the  one  ufed  in  working  the  chain- 
pumps  of  (hips  belonging  to  the  royal  navy;  and  the  vheel 
receives  its  motion  from  a  hand-winch,  which  is  confiderably 
accelerated  by  a  fly-wheel  of  variable  dimenfions,  at  the  oppofite 
^nd.  ' 

7^his  pump,  in  addition  to  its  increafed  powers,  poflfefles 
another  very  great  and  prominent  advantage.  By  fcrewing  to 
It  the  long  leather  tube  and  fire-pipe  of  the  common  engine,  it 
is  in  a  few  minutes  converted  into  an  efFedtive  fire-engine. 
Hence,  whoever  pofT^fTcs  one  may  be  faid  to  have'  a  convenient 
domeftic  apparatus  againft  fire.  Thn^e  men  can  work  it;  one 
to  turn  the  winch,  another  to  direfl  the  fire  pipe,  and  a  third  to 
fupply  the  water. 

7.  Double,  triple,  or  quadruple  pumps,  admit  of  great  variety 
in  their  conftruftion,  to  fuit  different  purpofcs.    The  beft  col- 
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Jeftfon  of  thefe  with  which  we  are  acquainted,  is  to  be  found 
\n  Leupold's  Theatrum  Machinarum  HydrauUcarum :  fome  in 
this  coIle£kion .  are  very  lingular  and  ingenious,  and  have  par- 
ticular advantages  to  fuit  local  circumilancesy  and  give  them  a 
preference.  The  late  Mr.  Benjamin  Martin  invented  a  curious 
and  powerful  pump  with  two  piftons,  the  fri^iion  of  which  was 
exceedingly  fmall.  An  admirable  engraving  of  this  pump,  by 
Lowry^  is  given  in  vol.  2o.  of  Tilloch's  Philofophical  Magazine. 
The  triple  pump,  a  (ketch  of  which  may  be  feen  in  fig.  9.  pL 
XXIV.  is  taken  from  Bockler*s  Theatrum  Machinarum  s  the 
nature  of  the  machinery  by  which  this  pump  is  worked,  will  be 
fufficiently  obvious  to  any  perfon  after  an  infpedion  of  the  figure: 
the  horizontal  wheel  C,  and  its  ihaft  A,  are  turned  by  the 
capfban  bars  B,  this  wheel  drives  the  pinion  D^  on  the  axle  of 
which  is  the  equalizing  fly  E,  and  the  crank  F:  the  rotatory 
rnotion  of  the  crank  alternately  raifes  and  deprefTes  the  bar  G, 
with  the  lever  H  turning  on  a  roller  and  pivots,  and  thus  works 
the  pump  I :  at  the  fame  tiftie  the  connediing  rods  K  move  in 
like  manner  the  lever  M,  and  work  the  pump  O;  and  the  rods 
K  move  the  lever  N,  and  work  the  pump  P.  If  the  levers  H, 
M,  N,  are  not  fo  contrived  that  the  extremities  of  each  fliall 
move  through  equal  fpaces,  the  bores  of  I,  (),  and  P,  muft  be 
piade  in  the  inverfe  ratio  of  thofe  fpaces,  otherwife  one  or  other 
of  the  refervoirs  may  be  drawn  dry;  a  defeft  that  (hould  be 
carefully  guarded  againft. 

8.  Our  attention  may  now  be  dire£led  to  fome  of  the  differ- 
ent forms  which  may  be  given  to  the  piftons  and  valves  of  a 
pump. 

The  great  defideratum  in  a  pifton  is,  that  while  it  be  as  tight 
as  poflible,  it  (hould  have  as  little  friction  as  is  confident  with 
this  indifpenfable  quality.  The  common  form,  when  carefully 
executed,  poffefles  thefe  properties  in  an  eminent  degree.  This 
plilon  is  a  fort  of  truncated  cone,  generally  made  of  wood  not 
apt  to  fplit,  fuch  as  elm  or  beech.  The  fmall  end  of  it  is  cut 
off  at  the  fides,  fo  as  to  form  a  fort  of  arch,  by  which  it  is 
faftened  to  the  iron  rod  or  fpear.  'I'he  two  ends  of  the  conical 
part  may  be  hooped  with  brafs.  This  cone  has  its  larger  end 
furroundcd  with  a  ring  or  band  of  ftrong  leather  faftened  with 
nails,  or  by  a  copper  hoop,  ^yhich  is  driven  on  it  at  the  fmaller 
end.  The  further  this  band  riches  beyond  the  bafe  of  the 
cone,  the  better;  and  the  whole  muft  be  of  uniform  thicknefs 
all  round,  fo  as  to  fuffer  equal  compreffion  between  the  cone 
and  working  barrel.  The  feam  or  joint  of  the  two  ends  of  this 
band  muft  be  made  very  clofe;  but  not  fewed  or  ftitched  to- 
gether, as  that  would  occafion  bumps  or  inequalities,  which 
would  fpoil  its  tightnelsj  and  no  harm  can  rcfult  from  tiie  want 
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of  it,  becaufe  the  two  edges  will  be  fqueezed  clofe  together  by 
the  compreiCon  in  the  barrel.     Nor  is  it  by  any  means  necef- 
fary  that  this  compreflion  be  great :  this  is  a  very  detrimental 
error  of  the  pump-makers.    It  occafions  enormous  fridlion,  and 
deftroys  the  very  purpofe  which  they  have  in  view,  viz.  render- 
ing the  pifton  air-tight ;  for  it  caufes  the  leather  to  wear  through 
very  foon  at  tlie  edge  of  the  cone,  and  it  alfo  wears  the  working 
barrel.  This  very  foon  becomes  wide  in  that  part  which  is  con- 
tinually paiTed  over  by  the  pifton,  while  the  mouth  remains  of 
its  original  diameter,  and  it  becomes  impoilible  to  thruft  in  a 
piflon  which  (hall  completely  fill  the  worn  part.     Now,  a  very 
moderate  prefiure  is  fuificient  for  rendering  the  pump  perfe£lly 
tight,  and  a  piece    of   glove  leather  would  be   fumcient  for 
this  purpofe,  if  loofe  or  detached  from  the  folid  cone;   for 
fuppofe  fuch  a  loofe  and  flexible,  but  impervious,*  band  of 
leather  put  round  the  piftcm,  and  put  into  the  barrel;  and  let  it 
even  be  fuppofed  that  the  cone  does  not  comprefs  it  in  the 
Imalleft  degree  to  its  internal  furface.    Pour  a  little  water 
carefully  into  the  infide  of  this  fort  of  cup  or  difh;  it  will  caufe 
it  to  fwell  out  a  little,  and  apply  itfelf  clofe  to  the  barrel  all 
round,  and  even  adjuft  itfelf  to  all  its  inequalities.     Let  us 
fuppofe  it  to  touch  the  barrel  in  a  ring  of  an  inch  broad  all 
round.   We  can  eafily  compute  the  force  with  which  it  is  prels- 
ed.     It  is  half  the  weight  of  a  ring  of  water  an  inch  deep  and 
an  inch  broad.     I'his  is  a  trifle,  and  the  fridion  occafioned  by 
it  not  worth  regarding ;  yet  this  trifling  preflure  is  fuflictent  to 
make  the  paflage  perreclly  impervious,  even  by  the  moft  enor- 
mous preflure  of  a  high  column  of  incumbent  water:  for  let 
this  preflTure  be  ever  fo  great,  the  preflure  by  which  the  leather 
adheres  to  the  barrel  always  exceeds  it,  becaufe  the  incumbent 
fluid  has  no  preponderating  power  by  which  it  can  force  its  way 
between  them,  and  it  mud  inflnuate  itfelf  precifely  fo  far,  that 
its  prefliire  on  the  inGde  of  the  leather  ihall  ftill  excee<l,  and 
only  exceed,  the  preflure  by  which  it  endeavours  to  infinuate  it- 
felf;   and  thus  the  piflon  becomes  perfedHy  tight  with  the 
fmalleil  poflible  fri£kion.    This  reafoning  is  perhaps  too  refined 
for  the  unindrufbed  artifl,  and  probably  will  not  perfuade  him. 
To  fuch  we  would  recommend  an  examination  of  the  piftons 
and  valves  contrived  and  executed  by  that  artift,  whofe  ikill  far 
furpafles  our  higheil  conceptions,  the  all-wife  Creator  of  this 
world.     The  valves  which  (hut  up  the  paflTages  of  the  veins,  * 
and  this  in  places  where  an  extravafation  would  be  followed  by 
inftant  death,  are  cups  of  thin  membrane,  which  adhere  to  the 
fides  of  the  channel  about  half  way  round,  and  are  detached 
in. the  reft  of  their  circumference.     "When  the  blood  comes  in 
the  oppofite  dire£kion,  it  pufhes  the  membrane  afide^  and  has  a 
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paflage  perfefUy  free.  But  a  (lagnation  of  motion  allows  the 
tone  of  the  (perhaps)  n^fcular  iiiefnbrane»  to  reftore  it  to  its 
tiatural  fhape,  and  the  leaft  motion  in  the  oppolite  direi^ioa 
canfes  it  inftandy  to  clap  clofe  to  the  fides  of  the  vein,  and  then 
no  prelTure  whatever  can  force  a  paflage.  We  Ihall  recur  to 
this  again  when  defcribing  the  various  contrivances  of  valves^ 
&c.  What  we  have  faid  is  enpugh  for  fupporting  9ur  direc- 
tions for  conftruding  a  tight  piTlon.  But  we  recommend 
thick  and  ftrong  leather,  while  our  prefent  reafoning  feems  to 
render  thin  leather  preferable.  If  the  leather  be  thin,  and  the 
folid  piflon  in  any  part  does  not  prefs  it  gently  to  the  barrel, 
there  will  be  in  this  part  an  unbalanced  preffure  of  the  incum- 
bent column  of  water,  which  would  inftantly  burft  even  a  ftrong 
leather  bag;  but  when  the  folid  pifton,  covered  with  leather, 
ezadly  'fills  the  barrel,  and  is  even  prefltd  a  little  to  it,  there 
is  no  fuch  rifk ;  and  now  that  part  of  the  leather  band  which 
reaches  beyond  the  folid  pifton  performs  its  office  in  the  com- 
pleted manner.  We  do  not  hefitate,  therefore,  to  recommend 
this  form  of  a  pifton,  which  is  the  moft  common  and  (implc 
of  all,  as  preferable,  when  well  executed,  to  many  of  thofe 
more  artificial,  and  frequently  very  ingenious,  conftrudions, 
which  we  have  met  with  in  the  works  of  the  firft  engineers. 

Belidor,  an  author  of  the  firft  reputation,  has  given  the  de- 
fcription  of  a  pifton  which  he  highly  extols,  and  is  undoubtedly 
a  very  good  one,  conftru£}:ed  from  principle,  and  extremely  weU 
compokd.  ' 

•  9«  It  confifts  of  a  hollow  cylinder  of  metal  {XXV.  fig.  aa.) 
pierced  with  a  number  of  holes,  and  having  at  top  a  flanch,  whofe . 
diameter  is  nearly  equal  to  that  of  the  workine  barrel  ot  the 
pump.  This  fianch  has  a  groove  round  it.  There  h  another 
flanch  below,  by  which  this  hollow  cylinder  is  faftened  with 
bolts  to  the  lower  end  of  the  pifton,  reprefented  in  fig.  23. 
This  confifts  of  a  plate  with  a  grooved  edge  fimilar  to  AB,  and 
an  intermediate  plate  which  forms  the  feat  of  the  valve.  Tlie 
compofition  of  this  part  is  better  underftood  by  infpefting  the 
figure  than  by  any  defcription.  The  pifton-rod  HL  is  fixed  to 
the  upper  plate  by  bolts  through  its  different  branches  at  G,  G. 
This  metal  body  is  then  covered  with  a  cylindrical  bag  of  leather, 
faftened  on  it  by  cords  bound  round  it,  filling  up' the  grooves  in 
the  upper  and  lower  plates.  The  operation  of  the  pifton  is  as 
follows. 

A  little  water  is  poured  into  the  pump,  which  gets  paft  the 
fides  of  the  pifton,  and  lodges  below  in  the  fixed  valve.  The 
pifton  being  pu(hed  down  dips  into  this  water,  and  it  gets  into  it 
by  the  valve.  But  as  the  pifton  in  defcending  compreffes  the 
air  below  it,  this  compteffed  air  alio  gets  into  the  infide  of  th^ 
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pifton,  fwells  out  the  bag  which  furrounds  it,  and  comprefles  it 
to  the  fides  of  the  working-barrel.  When  the  pifton  is  drawn 
up  again,  it  muft  remain  tight,  becaufe  the  valve  will  ihut  and 
keep  in  the  air  in  its  mod  comprefled  (late;  therefore  the  pifton 
muft  perform  well  during  the  fu&ion.  It  muft  z&  equally  well 
"when  puflied  down  again,  and  a£ting  as  a  forcer;  for,  however 
great  the  refiftance  may  be,  it  will  ^ffcA  the  air  within  the 
pifton  to  the  fame  degree,  and  keep  the  leather  clofe  applied  to 
the  barrel.  There  can  be  no  doubt  therefore  of  the  pifton's  per- 
forming both  its  offices  completely;  but  we  imagine  that  the 
adhcHon  to  the  barrel  Will  be  greater  than  is  ncceflary :  it  will 
extend  over  the  whole  furface  of  the  pifton,  and  be  equally  great 
in  every  part  of  its  furface;  and  we  (u{pe€t  that  the  frid^ion  will 
therefore  be  very  great.  We  have  very  high  authority  for  fup- 
pofing  that  the  adhefion  of  a  pifton  of  the  common  form,  care- 
fully made,  will  be  fuch  as  will  make  it  perfefily  tight;  and  it 
is  evUcnt  that  the  adhefion  of  Belidor's  pifton  will  be  much 
greater,  and  it  will  be  produdlive  of  worfe  confequences.  If 
the  leather  bag  be  worn  through  in  any  one  place,  the  air  efcapes, 
and  the  pifton  ccafes  to  be  compreflcd  altogether;  whereas  in 
the  common  pifton  there  will  very  little  harm  refult  from  the 
Jeather  being  worn  through  in  one  place,  efpecially  if  it  projeft 
a  good  way  beyond  the  bafe  of  the  cone.  We  ftill  think  the 
commgp  pifton  preferable. 

10.  Belidor  defcribes  another  forcing  pifton,  which  he  had 
executed  with  fuccefs,  and  prefers  to  the  common  wooden  forcer. 
It  confifts  of  a  metal  cylinder  or  cone,  having  a  broad  ilanch 
united  ro  it  at  one  end,  and  a  fimilar  flanch  which  is  fcrewed  on 
the  other  end.  Between  thefe  two  plates  are  a  number  of  rings 
of  leather  ftrongly  com  pre  fled  by  the  two  flanches,  and  then 
turned  in  a  lathe  like  a  block  of  wood,  till  the  whole  fits  tight, 
when  dry,  into  the  barrel.  It  will  fwell,  fays  he,  and  foften  with 
the  water,  and  withftand  the  greateft  preflures.  We  cannot 
help  thinking  this  but  an  indifferent  pifton.  When  it  wears, 
there  is  nothing  to  fqueeze  it  to  the  barrel.  It  may  indeed  be 
taken  out  and  another  ring  or  two  of  leather  put  in,  or  the 
flanches  may  be  more  ftrongly  fcrewed  together:  but  ail  this 
may  be  done  with  any  kind  of  pifton;  and  this  has  therefore  no 
peculiar  merit. 

11.  The  following  will,  we  prefume,  appear  greatly  prefer- 
able. ABCD  (fig.  24.),  is  the  folid  wooden  or  metal  block  of 
the  pifton;  EF  is  a  metal  plate,  which  is  turned  hollow  or  difti- 
likc  below,  fo  as  to  receive  within  it  the  folid  block.  The 
pifton-rod  goes  through  the  whole,  and  has  a  fhoulder'  above  . 
the  plate  EF,  and  a  nut  H  below.  Four  fcrew- bolts  alfo  go 
through  the  whole^  having  their  heads  funk  into  the  block,  and 
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nuts  above.  The  packing,  or  iluffing,  as  It  is  termed  by  the 
workmen,  is  reprefented  at  NO.  This  is  made  as  folid  as  pof&> 
ble,  and  generally  confifts  of  foft  hempen  twine  well  foaked  in 
a  mixture  of  oil,  tallow,  and  rofin.  The  plate  £F  is  gently 
fcrewed  down,  and  the  whole  is  then  put  into  the  barrel,  fitting 
It  as  tight  as  may  be  thought  proper.  When  it  wears  loofe,  it 
may  be  tightened  at  any  time  by  fcrewing  down  the  nuts  which 
caufe  the  edges  of  the  diih  to  fqueeze  out  the  packing,  and 
comprefs  it  again  (I  the  barrel  to  any  degree. 

The  greateft  difficulty  in  the  conflru£tion  of  a  pifton  is  to 
give  a  fufficient  paflage  through  it  for  the  water,  and  yet  allow 
a  firm  fupport  for  the  valve,  and  fixture  for  the  piilon>rod. 
It  occafions  a  confiderable  expence  of  the  moving  power  to  force 
a  pifton  with  a  narrow  perforation  through  the  water  lodged  in 
the  working  barrel.  When  we  are  railing  water  to  a  fmall  height, 
fuch  as  10  or  20  feet,  the  power  fo  expended  amounts  to  a  fourth 
part  of  the  whole,  if  the  water-way  in  the  pifton  is  lefs  than 
one-half  of  the  feflion  of  the  barrel,  and  the  velocity  of  the 
piilon  two  feet  per  fecond,  which  is  very  moderate.  There 
can  be  no  doubt,  therefore,  that  metal  pitlons  are  preferable^ 
becaufe  their  greater  ftrength  allows  much  wider  apertures. 

12.  The  following  piilon,  defcribed  and  recommended  by 
Belidor,  feems  as  perfcft  in  thefe  refpefts  as  the  nature  of 
things  will  allow.  We  {hall  therefore  defcribe  it  in  the  author's 
own  words,  as  a  model  which  may  be  adopted  with  confidence 
in  the  greateft  works. 

"  The  body  of  the  pifton  is  a  truncated  metal  cone  CCXX 
(fig.  25.),  having  a  fmall  fillet  at  the  greater  end.  Fig.  26. 
(hows  the  profile,  and  fig.  27,  the  plan  of  its  upper  bafe;  where 
appears  a  crofs  bar  DD,  pierced  with  an  oblong  mortife  E  for 
receiving  the  tail  of  the  pifton-rod.  A  band  of  thick  and 
uniform  leather  A  A  (fig.  26.  and  28.)  is  put  round  this  cone, 
and  fecured  by  a  brafs  hoop  BB  firmly  driven  on  its  fmaller 
end,  where  it  is  previoufly  made  thinner  to  give  room  for  the 
hoop. 

"  This  pifton  is  covered  with  a  leather  valve,  fortified  with 
metal  plates  GG  (fig.  29.).  Thefe  plates  are  wider  than  the 
hole  of  the  pifton,  fo  as  to  reft  on  its  rim.  There  are  fimilar 
plates  below  the  leather  of  a  fmaller  fize,  that  they  may  go  into 
the  hollow  of  the  pifton;  and  the  leather  is  firmly  held  between 
tlie  metal  plates  by  fcrews  H,  H,  which  go  through  all.  This 
is  reprefented  by  the  dotted  circle  IK.  Thus  the  preffixre  of 
the  incumbent  column  of  water  is  fupported  by  the  plates  GG, 
whofe  circular  edges  reft  on  the  brim  of  the  water-way,  and 
thus  ftraight  edges  reft  on  the  crofs -bar  DD  of  fig.  26.  and  27. 
This  \a\\q  is  laid  on  the  top  of  the  conical  box  in  fuch  a  maa« 

I 


302  MACHINES. 

Ber  that  its  muldle  FF  refts  on  the  crofs-bar.  To  bind  all  to- 
gether, the  end  of  the  pifton-rod  is  formed  like  a  crofs,  and  the 
arms  MN  (fig.  30.)  are  made  to  reft  on  the  diameter  FF  of 
the  valve,  the  tail  £P  going  through  the  hole  E  in  the  middle 
of  the  leather,  and  through  the  mortife  £  of  the  crofi»-bar  of 
the  box ;  as  well  as  through  another  bar  QR  (fig.  28.  and  29.) 
which  is  notched  into  the  lower  brim  of  the  box.  A  key  V 
is  then  driven  into  the  hole  T  ih  the  pifton-rod;  and  this 
wedges  all  faft.  The  bar  QR  is  made  ftrong;  and  its  extre- 
mities projefi  a  little,  fo  as  to  fupport  the  brais  hoop  BB  which 
binds  the  leather  band  to  the  pifton-box.'^ 

This  pifton  has  every  advantage  of  ftrength,  tightnefs,  and 
large  water-way.  The  form  of  the  valve  (which  has  given  it 
the  name  of  the  butterfly-valve)  is  extremely  favourable  to  the 
pafTage  of  the  water ;  and  as  it  has  but  half  the  motion  of 
a  complete  circular  valve,  lefs  water  goes  back  while  it  is 
(hutting. 

13.  The  following  pifton  is  alfo  ingenious,  and  has  a  good 
deal  of  merit.  OPPO  (pi.  XXIV.  fig.  5.)  is  the  box  of  the 
pifton,  having  a  perforation  Q,  covered  above  with  a  flat  valve 
K,  which  refts  in  a  metal  plate  that  forms  the  top  of  the  box. 
ABCBA  is  a  ftirrup  of  iron  to  which  the  box  is  fixed  by  fcrews 
tf,  a^  Oy  a,  whofe  heads  are  funk  in  the  wood.  This  ftirrup  is 
perforated  at  C,  to  receive  the  end  of  the  pifton-rod,  and  a  nut 
W  is  fcrewed  on  below  to  keep  it  faft.  DEFED  is  another 
ftirrup,  whofe  lower  part  at  DD  forms  a  hoop  like  the  fole  of 
a  ftirrup,  which  embraces  a  fmall  part  of  the  top  of  the  wooden 
box.  The  lower  end  of  the  pifton-rod  is  fcrewed ;  and  before 
it  is  put  into  the  holes  of  the  two  ftirrups  (through  which  holes 
it  ilidcs  freely)  a  broad  nut  G  is  fcrewed  on  it.  It  is  then  put 
into  the  holes,  and  the  nut  H  firmly  fcrewed  up.  The  packing 
RR  is  then  wound  about  the  pifton  as  tight  as  poffible  till  it 
completely  fills  the  working-barrel  of  the  pump.  When  long 
ufe  Has  rendered  it  in  any  degree  loofe,  it  may  be  tightened  agaih 
by  fcrewing  down  the  nut  G.  This  caufes  the  ring  DD  to 
comprefs  the  packing  between  it  and  the  projefting  ihoulder 
of  tlie  box  at  PP^  and  thus  caufes  it  to  fwell  out,  and  apply 
itfelf  clofely  to  the  barrel.  Prony,  in  his  Architedure  Hydrau- 
lique,  afcribcs  this  invention  to  M.  Bettancourt. 

14.  We  fliall  add  only  another  form  of  a  perforated  pifton; 
which  being  on  a  principle  different  from  all  the  preceding,  will 
fuggeft  many  others;  each  of  which  will  have  its  peculiar  ad- 
vantages. 00  in  fig.  3.  pi.  XXIV.  reprefents  the  box  of  this 
pifton,  fitted  to  the  working-barrel  in  any  of  the  preceding  ways 
as  may  be  thought  beft.  AJB  is  a  crofs-bar  of  four  arms,  which, 
is  fixed  to  the  top  of  the  bo;t«    CF  is  the  pifton-rod  going 


t  _ 

Pump^valves.  303 

through  a  hole  in  the  middle  of  AB,  and  reaching  a  little  way 
beyond  the  bottom  of  the  box.  It  has  a  (boulder  D,  which 
prerents  its  going  too  far  through.  On  the  lower  end  there  is 
a  thick  metal  plate,  turned  conical  on  its  upper  fide^  fo  as  to  fit 
a  conical  feat  PP  in  the  bottom  of  the  plfton-box. 

When  the  pifton-rod  is  puihed  down,  the  fri£tion  on  t)ie 
barrel  prevents  the  box  from  immediately  yielding.  The  rod 
therefore  flips  through  the  hole  of  the  crofs-bars  AB.  The 
plate  £y  therefore,  detaches  itfelf  &om  the  box.  When  the 
ihoulder  D  prefTes  on  the  bar  AB,  the  box  muft  yield,  and  be 
puQied  down  the  barrels,  and  the  water  gets  up  through  the 
perforation.  When  the  pifton-rod  is  drawn  up  again,  the  box 
does,  not  move  till  the  plate  E  lodges  in  the  feat  PP,  and  thus 
(huts  the  water-way ;  and  then  the  pifton  lifts  the  water  which 
is  above  it,  and  a£^s  as  the  piflon  of  a  fucking-pump. 

This  is  a  very  (imple  and  effe£tive  con{lru£iion,  and  makes  a 
very  tight  valve.  It  has  been  much  recommended  by  engineers 
of  the  (irli  reputation,  and  is  frequently  ufed;  and,  from  its 
(implicity,  and  the  great  folidity  of  which  it  is  capable,  it  feems 
very  (it  for  great  works.  But  it  is  evident  that  the  water-way 
is  limited  to  lefs  than  one-half  of  the  area  of  the  working- 
barrel.  For  if  the  perforation  of  the  pifton  be  one-half  of  the 
area,  the  diameter  of  the  plate  or  ball  EF  muft  be  greater^ 
and  therefore  lefs  than  half  the  area  will  be  left  for  the  paiTage 
of  the  water  by  its  (ides* 

15.  We  come  now  to  confider  briefly  the  forms  which  may 
be  given  to  the  valves  of  an  hydraulic  engine. 

The  requifites  of  a  valve  are,  that  it  (hall  be  tight,  of  fufficient 
ftrength  to  refift  the  great  pre  Jures  to  which  it  is  expofed,  that 
it  afford  a  fufficient  paffage  for  the  water,  and  that  it  do  not 
allow  much  to  go  back  while  it  is  (hutting. 

The  butterflvrvalve  reprefented  in  figures  29,  &c.  is  free 
from  moft  of  me  inconveniences,  and  feems  the  moft  perfed^ 
of  the  clack  valves*  Some  engineers  make  their  great  valves 
of  a  pyramidal  form,  confifting  of  four  clacks,  whofe  hinges  are 
in  the  circumference  of  the  water-way,  and  which  meet  with 
their  points  in  the  middle,  and  are  fupported  by  four  ribs  which 
rife  up  from  the  fides,  and  unite  in  the  middle.  '^This  is  an  ex* 
cellent  form,  affording  the  moft  fpaclous  water-way,  and  ihut« 
ting  very  readily.  It  feems  to  be  the  beft  poffible  for  a  pifton* 
The  rod  of  the  pifton  is  branched  out  on  four  fides,  and  the 
branches  go  through  the  pifton-box,  and  are  faftened  below  with 
fcrews.  Thefe  branches  form  the  fupport  for  the  four  clacks. 
We  have  feen  a  valve  of  this  form  in  a  pump  of  fix  feet  diameter, 
which  diifcharged  20  hogfheads  of  w^ter  every  ftroke,  and  made 
12  ftrokes  in  a  minute,  raifing  the  water  above  22  feet. 
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1 6.  There  is  another  form  of  valve,  called  the  button  or  tait 
valve.  It  confifts  of  a  plate  of  metal  AB  (fig.  4.  pi.  XXIV.) 
turned  conical,  fo  as  exaftly  to  fit  the  conical  cavity  a  b  oi  its 
box.  A  tail  CD  projefts  from  the  under  fide,  which  paffes 
through  a  crofs-bar  EF  in  the  bottom  of  the  box,  and  has  a 
little  knob  at  the  end,  to  hinder  the  valve  from  rifing  too  high. 

Tliis  valve,  when  nicely  made,  is  unexceptionable.  It  has 
great  ftrength,  and  is  therefore  proper  for  all  fevere  ftrains,  and 
it  may  be  made  perfeftly  tight  by  grinding.  Accordingly  it  is 
uftd  in  all  cafes  where  this  is  of  indifpenfable  confequence.  It 
is  mod  durable,  and  the  only  kind  that  will  do  for  paflages 
where  fteam  or  hot  water  is  to  go  through.  Its  only  imper- 
fedion  is  a  fmall  water-way  5  which,  from  what  has  been  faid, 
cannot  exceed,  nor  indeed  equal,  one-half  of  the  area  of  tlie 
pipe. 

If  we  endeavour  to  enlarge  the  water-way,  by  giving  the 
cone  very  little  taper,  the  valve  frequently  fticks  fo  faft  in  the 
feat  that  no  force  can  detach  them. — And  this  fometimes  hap- 

Eens  during  the  working  of  the  machine ;  and  the  jolts  and 
lows  given  to  the  machine  in  taking  it  to  pieces,  in  order  to 
difcover  what  has  been  the  reafon  that  it  has  difcharged  no 
Water,  frequently  detaches  the  valve,  and  we  find  it  quite  loofe, 
and  cannot  tell  what  has  deranged  the  pump.  When  this  is 
guarded  againft,  and  the  diminution  of  the  water-way  is  not  of 
very  great  confequence,  this  is  the  beil  form  of  a  valve. 

17.  Analogous  to  this  is  the  (implefl  of  all  valves.  It  is 
nothing  more  than  a  fphere  of  metal,  to  which  is  fitted  a  feat 
with  a  fmall  portion  of  a  fphcrical  cavity.  Nothing  can  be 
more  efFeftual  than  this  valve ;  it  always  falls  into  its  proper 
place,  and  in  every  pofition  fits  it  exadlly.  Its  only  imper- 
fediion  is  the  great  diminution  of  the  water-way.  If  the  di- 
ameter of  the  fphere  do  not  confiderably  exceed  that  of  the 
hole,  the  touching  parts  have  very  little  taper,  and  it  is  very  apt 
to  ftick  faft.  It  oppofts  much  lefs  refiftance  to  the  paflage  of 
the  water  than  the  flat  undcr-furface  of  the  button-valve.  The 
fpherical  valve  muft  not  be  made  too  light,  otherwife  it  will  be 
hurried  up  by  the  water,  and  much  may  go  back  while  it  is 
returning  to  its  place. 

Belidor  defcribes  with  great  minutenefs  (vol.  ii.  p.  221,  &c.) 
a  valve  which  unites  every  requifite.  But  it  is  of  fuch  nice 
and  delicate  conftruSion,  and  its  defeSs  are  fo  great  when  this 
exafirnefs  is  not  attained,  or  is  impaired  by  ufe,  that  we  think 
it  hazardous  to  introduce  it  into  a  machine  in  a  fituation  where 
an  intelligent  and  accurate  artift  i«  not  at  hand.  For  this  rea- 
fon  we  have  omitted  the  defcription,  which  cannot  be  given  in 
few  words,  nor  without  many  figures  j  and  dcGrc  our  curious 
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readers  to  confult  that  author,  or  perufe  Dr.  De&galiert^  tranf- 
lation  of  this  pafiage.  Its  principle  is  precifely  the  fame  with 
the  following  rude  contriyance. 

t8.  Suppofe  ABCD  (fig.  a.  pi.  XXIV.)  to  be  a  fquare 
wooden  trunk.  £F  is  a  piece  of  oak  board»  cxaAly  fitted  to 
the  trunk  in  an  oblique  pofition,  and  fupported  by  an  iron  pin 
which  goes  through  it  at  I,  one-third  of  its  length  from  itt 
lower  extremity  £.  The  two  ends  of  this  board  are  bevelled^ 
fo  as  to  apply  exadly  to  the  fides  of  the  trunk.  .  It  is  evident^ 
that  if  a  ftream  of  water  come  in  the  dire&ion  B  A»  its  prefiure 
on  the  part  IF  of  this  board  will  be  greater  than  that  upon  £I» 
It  will  therefore  force  it  up  and  ruih  through,  making  it  ftand 
almoft  parallel  to  the  fides  of  the  trunk.  To  preyent  its  rifing 
fo  far,  a  pin  muft  be  put  in  its  way.  When  this  current  of 
water  changes  its  direl^ion,  the  prefiure  on  the  upper  fide  of 
the  board  being  again  greateft  on  the  portion  IF,  it  is  forced 
back  again  to  its  former  fituation;  and  its  two  extremities  reft- 
ing  on  the  oppofite  fides  of  the  trunk,  the  pafiage  is  completely 
ftopped.  This  board  therefore  performs  the  office  of  a  valye; 
and  this  valve  is  the  moft  perfe£^  that  can  be,  becaufe  it  ofiers 
the  freeft  pafiage  to  the  water,  and  it  allows  very  little  to  get 
back  while  it  is  (hutting;  for  the  part  IE  brings  up  half  as 
much  water  as  IF  allows  to  go  down.  It  may  be  made  ex- 
tremely tight,  by  fixing  two  thin  fillets  H  and  G  to  the  fides  of 
the  trunk,  and  covering  thofe  parts  of  the  board  with  leather 
which  apply  to  them-,  and  in  this  ftate  it  perfedly  refemblea 
Belidor's  fine  valve. 

19.  This  conftrudion  of  the  valve  fuggefts,  by  the  way* 
a  form  of  an  occafional  pump,  which  may  be  quickly  fet  up  by 
any  common  carpenter,  and  will  be  very  effiefkual  in  fmaU 
heights.  Let  ah  c  d  e  (fig.  2-}  be  a  fquare  box  made  to  Aide 
along  this  wooden  trunk  without  fluake,  having  two  of  its  fides 
proje£ting  upwards,  terminating  like  the  galble  ends  of  a  houfe. 
A  piece  of  wood  /  is  mortifed  into  thefe  two  fides,  and  to  this 
the  pifton-rod  is  fixed.  This  box  being  furniflied  with  a  valve 
limilar  to  the  one  below,  will  perform  the  office  of  a  pifton*. 
If  this  pump  be  immerfed  fo  deep  in  the  water  that  the  pifton 
ihall  alfo  be  under  water>  we  fcruple  not  to  fay  that  its  per- 
formance will  be  equal  to  any.  The  pifton  may  be  made 
abundantly  tight,  by  covering  its  outfide  neatly  with  foft  lea« 
then  And  as  no  pipe  can  be  bored  with  greater  accuracy  than 
a  very  ordinary  workman  can  make  a  fquare  trunk,  we  think 
this  pump  will  not  be  very  deficient  even  for  a  confiders^bk 
fuOion. 

Thus  much  will,  we  hope,  fuffice  fox  the  defcrtptive  part  of 
thefc  ufef  ul  machines :  as  to  the  theory  of  the  motkn  of  water  iu 
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pumps,  ftt  tlie  fame  time  that  it  is  extremely  intricate,  it  prefenfl 
but  few  tefults  that  are  of  any  pradical  utility.  The  curious 
ftudent  may  be  referred  to  the  Mafchimniehre  of  Langfdorf,  the 
Hydredynamiquf  of  Bofltit,  the  Hydraulique  of  Buat,  the  Arciitec 
ftire  Hydrauliqui  of  Prony,  and  the  article  Pump  m  the  Encyclo- 
piedia  Britannica.  The  laft  two  pieces  have  furnilhed  us  with 
the  moft  Valuable  parts  of  the  prefent  article.  Some  remarks  oin 
the  rariable  motion  of  the  piilon^rod  may  be  feen  under  the  title 
riiRALLBL  motion  in  this  volume. 

PYROMETER,  a  machine  contrived  to  meafure  the  ex- 
pah  (ion  of  metals,  and  other  bodies,  occafioned  by  heat. 

Mufchenbroecic  was  the  original  inventor  of  tne  Pyrometer: 
the  nature  and  conftrudidn  of  his  inftrument  may  be  underftood 
ffom  the  following  account*  If  we  fuppofe  a  fmali  bar  of  metal, 
12  or  15  inches  in  length,  made  faft  at  one  of  its  extremities,  it 
J8  obvious  that  if  it  be  dilated  by  heat  it  will  become  lengthened^ 
and  its  other  extremity  will  be  puflied  forwards.  If  this  ex- 
tremity then  be  fixed  to  the  end  of  a  lever,  the  other  end  of 
which  is  fumifhed  with  a  pinion  adapted  to  a  wheel,  and  if 
this  wheel  move  a  fecond  pinion,  the  latter  a  third,  and  fo  on, 
it  will  be  evident  that  by  multiplying  wheels  and  pinions  in 
this  manner,  the  laft  will  have  a  very  fenfible  motion }  fo  that 
the  moveable  extremity  of  the  fmall  bar  cannot  pafs  over  the 
hundredtlf  or  thoufandth  part  of  a  line,  without  a  point  of  the 
circumference  of  the  laft  wheel  paffing  over  feveral  inches.  If 
this  circumference  then  have  teeth  fitted  into  a  pinion,  to 
which  an  index  is  attached,  this  index  will  make  feveral  revo- 
lutions, when  the  dilatation  of  the  bar  amounts  only  to  a  quantity 
altogether  infenfible.  Ihe  portions  of  this  revolution  may  be 
meafured  on  a  dial^^plate,  divided  into  equal  parts}  and  by 
means  of  the  ratio  which  the'  wheels  bear  to  the  pinions,  the 
abfolute  quantity  which  a  certain  degree  of  heat  may  have  ex- 
panded the  fmall  bar  can  be  afcertained :  or,  converfely,  by 
the  dilatation  of  the  fmall  bar  the  degree  of  heat  which  has 
been  applied  to  it  may  be  determined. 

Such  is  the  conftruftion  of  Mufchenbroeck's  pyrometer.  'It 
19  neceflary  to  obferve  that  a  fmall  cup  is  adapted  to  the  ma- 
chine, in  order  to  receive  the  liquid  or  fufed  matters,  fubjedied 
\o  experiment,  and  in  which  the  bar  to  be  tried  is  immerfed. 

When  it  is  required  to  meafure,  by  this  inftrument,  a  con- 
liderable  degree  of  heat,  fuch  as  that  of  boiling  oil  or  fufed 
metal,  fill  the  cup  with  the  matter  to  be  tried,  and  immerfe  the 
bar  of  iron  into  it.  The  dilatation  of  the  bar,  indicated  by  the 
index,  will  point  out  the  degree  of  heat  it  has  afiumed,  and 
which  muft  neccfiarily  be  equal  to  that  of  the  matter  into  v^ch 
it  is  immcYfed.  * 
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•i?bis  machine  evidently  ferves  to  determine  the  ratio  of  the 
dilatation  of  metalsi  &c. :  for  by  fubftituting  in  the  room  of  the 
pyrometric  bar  other  metallic  bars  of  the  fame  length,  and  then 
expofing  them  to  an  equal  d^ree  of  heat,  the  ratios  of  thor 
dilatation  will  be  (hewii  by  the  motion  of  the  index. 

Mufchenbroeck  has  given  a  table  of  the  expanfion  of  the  di^ 
ferent  metals,  in  the  Ume  degree  of  heat.  Having  prepared 
cylindric  rods  of  iron,  fteel,  copper,  brafs,  tin,  and  lead,  be  ex* 
pofed  them  firft  to  a  pyrometer  with  one  flame  in  the  middle ; 
then  with  two  flames;  and  fucceflively  to  one  with  three,  four^ 
and  five  flames.  But  previous  to  this  trial,  he  took  care  to  cool 
them  equally,  by  expoGng  them  fome  time  upon  the  fame  ftonef 
when  it  began  to  freeze,  and  Fahrenheit's  thermometer  waa  at 
thirty-two  degrees.  The  tSt6t%  of  thefe  experiments  are  4t* 
gefted  in  the  following  table,  where  the  degrees  of  expanfipn 
are  marked  in  parts  equal  to  the  ^^foq  part  of  an  inch* 


Expanfion  of               1 

Iron 

Steel 
8S 

Copper 

Brafs 

Tin 

I.ead 

By  one  flame 

80 

89 

no 

220 

141 

275 

361 
377 

153 

HS 

By  two  flames  placed 
.    clofe  together 

117 

123 

"S 

274 

By  two  flames  24- 
inches  diftant 

109 

94 

92 

219 

263 

By  three  flames  placed 
clofe  together 

142 

168 

193 

By  four  flames  placed 
clofe  together 

2If 

270 

270 

By  five  flames 

310 

310 

It  is  to  be  obferved  of  tin,  that  it  will  eafily  melt,  whea 
heated  by  two  flames  placed  together.  Lead  commonly  melts 
with  three  flames,  placed  together,  efpecially  if  they  bum  long. 

From  thefe  experiments,  fo  far  as  they  are  corre^,  it  ap^ 
pears,  at  firft  view,  that  iron  is  the  leaft  rarefied  of  any  of  &eie 
metals,  whether  it  be  heated  by  one  or.  more  flames;  and  there* 
fore  is  moft  prpper  for  makiji^g  machines  or  inftruments  which 
we  would  have  nrqe  from  any  alterations  by  heat  or  cold,  as  the 
rods  of  pendulums,  for  clocks,  &c«  So  Ukewife  the  meafures  of 
yards  or  feet  ihould,  if  of  metal,  be  made  of  iron^  that  their  length 
may  be  as  nearly  as  poi&ble  the  farne^  fununer  ^md  wioter.   ki^t 
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expanflon  of  lead  and  tin,  by  only  one  flame,  is  nearly  the  feme; 
that  is,  almoft  double  of  the  expanGon  of  iron.  It  is  likewife 
obferrable,  that  the  flames  placed  together  caufe  a  greater 
rarefa£iion  than  when  they  have  a  fenfible  tntenral  between 
diem;  iron,  in  the  former  cafe,  being  expanded  117  degrees, 
and  only  109  in  the  latter;  the  reafon  of  which  diflPerence  is 
obvipus.  By  comparing  the  expanfions  of  the  fame  metal,  pro-» 
duced  by  one,  two,  three,  or  more  flames,  it  appears,  that  two 
flames  do  not  caufe  double  the  expanfion  of  one ;  nor  three 
flames  three  times  that  expanfion,  but  always  lefs;  and  thefe 
expanfions  difl^er  fo  much  the  more  from  the  ratio  of  the  num« 
ber  of  flames,  as  there  are  more  flames  a£king  at  the  fame  time. 
It  is  alfo  obfervable,  that  metals  are  not  expanded  equally,  at  the 
time  of  their  melting,  but  fome  more,  fome  lefs.  Thus  tin 
began  to  run,  when  rarefied  219  degrees;  whereas  brafs  was 
expanded  377  degrees,  and  yet  was  far  from  meltrng. 

By  the  help  of  this  inftrument  Mr.  Ellicott  found,  upon  a 
medium,  that  the  expanfions  of  bars  of  different  metals,  as 
nearly  of  the  fame  dimenfions  as  poflible,  by  the  fame  degree  of 
heat,  were  as  follow; 

Gold,      Silver,      Brafsj      Copper,    Iron,    Steel,       Lead, 
73  103  95  «9  60        56  149 

The  great  diflference  between  the  expanfions  of  iron  and 
brafs  has  been  applied  with  good  fuccefs  to  remedy  the  irre- 
gularities in  pendulums  arifing  from  heat.  Phil.  Tranf.  Tol. 
zlvii.  p.  485.    See  pendulum. 

Mr.  Graham  ufed  to  meafure  the  minute  alterations,  in 
length,  of  metal  bars,  by  advancing  the  point  of  a  micrometer*- 
'  fcrcw,  till  it  fenfibly  Aopped  againft  the  end  of  the  bar  to  be 
meafured.  This  fcrew,  oeing  fmall  and  very  lightly  hung,  was 
capable  of  agreement  within  the  three  or  four-thoufandth  part 
of  an  inch.  On  this  general  principle  Mr.  Smeaton  contrived 
his  pyrometer,  in  which  the  meafures  are  determined  by  the 
6pnta£k  of  a  piece  of  metal  with  the  point  of  a  micrometer- 
Icrew. 

The  following  table  (hews  how  much  a  foot  in  length  of  each 
Ihetal  grows  longer  by  an  increafe  of  heat,  correfponding  to 
180^  of  Fahrenheit's  thermometer,  or  to  the  difference  between 
freezing  and  boiling  water,  exptefied  in  fuch  parts  of  which  the 
unit  is  equal  to  the  10,000  part  of  an  inch. 

1.  White  glafs  barometer  tube,        -  -  -         100 

2.  Martial  regulus  of  antimony,       .  .  *         130 

3.  Bliftered  ftcel,  -  -  -  -  -         138 

4.  Hard -ftcel,         -  -  -  -  .         -        147 
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5.  Iron,         -         -  -  -  -  -  151 

6.  Bifmuth,  -  -  -  .  «  i^j 

7.  Coppered  hammered      -  -  -  -  204 

8.  Copper  eight  parts,  with  tin  oncj.  -  -  2(3 

9.  Cait  brafs,  .....  225 

10.  Brafs  fixteen  parts,  with  tia  one,              -  -  229 

11.  Brafs  wire,         -             ...  -  232 

12.  Speculum  metal,             -            -            -  *  232 

13.  Spelter  folder,  viz.  brafs  two  parts,  zinc  one,  *  247 

14.  Fine  pewter,      -             ...  -  274 

15.  Grain  tin,          •             •             -            •  -  298 

16.  Soft  folder,  viz.  lead  two,  tin  one,            -  -  301 

17.  Zinc  eight  parts,  with  tin  one,  a  little  hammered,  323 

18.  Lead,        ...            -            -  -  344 

19.  Zinc  or  fpelter,  -            -            •            •  -  353 

20.  Zinc  hammered  half  an  inch  per  foot,      -  -  373 
M«  de  Luc,  in  confequence  of  a  hint  fuggefted  to  him  by 

the  late  Mr.  Ramfden,  invented  a   pyrometer,  the  bafis  of 
which  is  a  re£tangular  piece  of  deal  board  two  feet  and  a  half 
long,  15  inches  broad,  and  one  inch  and  a  half  thick;  and  to 
this  all  the  other  parts  are  fixed.     This  is  mounted  in  the  man* 
ner  of  a  table,  with  four  deal  legs,  each  a^foot  long  and  an  inch 
and  a  half  fquare,  well  fitted  near  its  four  angles,  and  kept  to- 
gether at  the  other  ends  by  four  firm  crofs  pieces*    This  fmall 
table  is  fufpended  by  a  hook  to  a  (land ;  the  board  being  in  a 
vertical  fituatton  in  the  diredion  of  its  grain,  and  bearing  its 
legs  forward  in  fuoh  a  manner  as  that  the  crofs-pieces  which  join 
them  may  form  a  frame,  placed  vertically  facing  the  obferver. 
This  frame  fuftains  a  microfcqpe,  which  is  firmly  fixed  ia 
another  frame  that  moves  in  the  former  by  means  9f  grooves, 
but  with  a  very  confiderable  degree  of  tightnefs;  the  friction  of 
which  may  be  increafed  by  the  preflure  of  four  fcrews.     The 
inner  Hiding  frame,  which  is  likewife  of  deal,  keeps  the  tube  of 
the  microfcope  in  a  horizontal  poiition,  and  in  great  part  with- 
out the  frame,  infomuch  that  the  end  which  carries  the  lens  is 
but  little  within  the  fpace  between  the  frame  and  the  board. 
This  microfcope  is  conftruded  in  fuch  a  manner  as  that  the 
cbje£l  obferved  may  be  an  inch  diftant  from  the  lens ;   and  it 
has  a  wire  which  is  fituated  in  the  focus  of  the  glafies,  in  which 
the  objc£ts  appeared  reverfed.  At  tlie  top  of  the  apparatus  there 
is  a  pitce  of  deal,  an  inch  and  a  half  thick  and  two  inches  broad, 
laid  in  a  horizonal  dire£lion  from  the  board  to  the  top  of  the 
frame.  To  this  piece  the  rods  of  the  different  fubilances,  whofe 
expanfion  by  heat  is  to  be  meafured,  are  fufpended:  one  end  of 
it  Aides  into  a  focket,  which  is  cut  in  the  thicknefs  of  the  board; 
and  the  other  cod,  which  refts  upon  the  frame,  meets  there  witli 
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a  fcrew  which  malces  the  piece  move  backward  and  forward; 
to  bring  the  objefis  to  the  focus  of  the  microfcope.    There  is 
»  cork  very  ftrongljr  driven  through  a  hole  bored  vertically 
through  this  piece;  and  in  another  vertical  hole  made  througn 
the  cork,  the  rods  are  fixed  at  the  top;  fo  that  they  hang  only, 
and  their  dilatation  b  not  counteraded  by  any  preflure.     In 
order  to  heat  the  rods,  a  cylindrical  bottle  of  thin  glafs,  about 
a  I  inches  high,  and  four  inches  in  diameter,  is  placed  in  th6 
infide  of  the  machine,  upon  a  fttnd  imdependent  of  the  reft  of 
the  apparatus.     In  this  bottle  the  rods  are  fufpended  at  a  littlo 
lefe  than  an  inch  diftance  from  one  of  the  infides,  in  order  to 
have  them  near  the  microfcope.    Into  it  is  poured  water  of 
different  degrees  of  heat,  which  muft  be  ftirred  about,  by  moving 
upwards  and  downwards,  at  one  of  the  fides  of  die  bottle,  a 
little  piece  of  wood,  faftened  horizontally  at  the  end  of  a  ftick: 
in  this  water  is  hung  a  thermometer,  the  ball  of  which  reaches 
to  the  middle  of  the  height  of  the  rods.     During  thefe  opera? 
tions  the  water  rifes  to  the  cork,  which  thus  determines  the 
length  of  the  heated  part ;  the  bottle  is  covered,  to  prevent  die 
water  from  cooling  too  rapidly  at  the  furface;  and  a  thin  cafo 
of  brafs  prevents  the  vapour  from  fixing  upon  the  piece  of  deal 
to  which  the  rods  are  fixed. 

The  late  Mr.  Fergufon  alfo  invented  two  pyrometers,  defcrip? 
tions  and  figures  of  which  are  given  in  his  Le£iures. 

Mr.  Wedgwood,  the  ingenious  manufadiurer  of  the  fineft 
earthenware  from  bafaltic  mafles,  or  terra  cattoy  has  contrived  a 
purious  pyrometer:  he  employs  fmall  cubes  of  dry  clay;  be- 
caufe  that  fpecies  of  earth  has  the  remarkable  property  of  rdir* 
fra^Ttp  in  its  bulk,  when  fubmitted  to  the  fire,  and  not  again 
expanding  on  fuddenly  expofing  it  to  the  cold  air.  In  order  to 
afcertain  the  precife  degree  of  heat  in  an  oven,  he  puts  one  of 
his  clay-cubes  into  it;  and,  after  having  acquired  the  tempera- 
ture of  the  place,  he  imiftediately  plunges  it  into  coM  water* 
Now,  the  fize  of  the  cube  (that  was  exadly  adjufted  to  half  an 
inch  fquare)  is  meafured  between  two  brafs  rules,  the  fides  of 
which  are  fomewhat  obliquely  difpofed,  fo  as  to  form  an  incline 
ing  groove,  into  which  the  cube  may  be  Hidden.  In  proportion 
9S  the  bulk  of  the  latter  has  been  contraAed  by  heat,  it  pafle^ 
down  deeper  between  the  fcales,  on  which  the  various  degrees 
pf  temperature  have  been  prcvioufly  marked.  Thus,  when  the 
divifion  of  the  fcale  commences  from  the  poipt  of  red  heat 
vifible  in  day-^light,  and  the  whole  range  be  divided  into  240 
equal  parts,  it  will  be  found  that  Swedifli  copper  melts  at  18 1 
gold  at  32;  iron  at  from  130  to  150  degrees:  above  this  point, 
the  cubes  could  not  be  heated.  But  if  one  of  thefe  clay  fquares 
hfi,  put  into  an  oyen  vfherc  othqr  Qiaterialsj  fQch  as  breads 


Ramfdef!s  DivuBftg  Machine.  Sit 

« 

tafdifn-ware,  &c.  are  to  he  baked/ they  may  be  ufefullj  em- 
plojedy  for  regulating  the  neceflary  degree  of  neat. 

M*  Fourmy  has  lately  given,  in  the  Journal  des  Miner^  a 
paper  *'  On  the  Thermometers  of  baked  Earths^  termed  Py<« 
fometers;"  in.  which  he  (hews  that  the  efFe£t  of  ihrinking, 
upon  which  Wedgwood's  pyrometer  is  founded^  does  not  re^ 
fttlt  folely  and  invariably  from  the  caufe^to  which  it -is  af- 
cribed;  tnat  it  is  not  necefiarily  proportionate  to  it;  that^  what'* 
ever  may  be  the  graduation  and  the  continuity  of  temperature 
applied  to  an  aluminous  mixt,  its  flirinking  is  not  only  not 
necefiarily  graduated,  or  neceiTarily  continuous,  but  it  alfo  does 
not  al^vays  necefiarily  take  place;  and  therefore  that  a  pyrome* 
ter  founded  upon  fuch  (hrinking  does  not  afford  fo  conilant  and 
accurate  a  meafure  for  the  higheil  degrees  of  heat,  as  the  dila- 
tation of  mercury  or  of  alcohol  does  for  the  lower*  A  tranf# 
lation  of  M.  Fourmy's  obfervations  is  inferted  in  die  Repertory 
•fArts^  &c.  No.  38.  N.  S. 

RAMSD£N's  Machine  ^or  dtvUing  Mathematical  In4> 
STRUMEMTs  is  an  ufeful  invention,  by  which  thefe  divifions  can 
be  performed  with  exceedingly  great  accuracy,  fuch  as  would 
formerly  have  been  deemed  incredible.  On  difcovering  th« 
method  of  conftrudling  this  machine,  its  inventor,  Mr.  Jefle 
Ramfden,  received  615/.  from  the  commiflfioners  of  longitude ; 
engaging  himfelf  to  inftru£l  a  certain  number  of  perfons,  not 
exceeding  ten,  in  the  method  of  .making  and  ufing  this  ma* 
chine  from  the  28th  Oflober  1775*  to  28th  October  17771 
alfo  binding  himfelf  to  divide  all  o^ants  and  fextants  by  the 
iame  engine,  at  the  rate  of  three  ihillings  for  each  oaant^ 
and  fix  (hillings  for  each  brafs  fextant,  with  Nonius's  divifions 
to  half-minutes,  for  as^long  time  as  the-commiifioners  fhould 
think  proper  to  let  the  engine  remain  in  his  pofieflion.  Of 
this  fum  of  615/.  paid  to  Mr.  Ramfden,  300/.  were  given  bira 
as  a  reward  for  the  improvement  made,  by  him  in  difcover* 
ing  the  eneine,  and  the  remaining  3 1 5/.  for  his  giving  xip  the 
property  of  it  to  the  commiffioners.  The  following  defcription 
of  the  engine  is  that  given  upon  oath  by  Mr.  Ramfden  him- 
felf, 

**  This  engine  confifts  of  a  large  wheel  of  bell*metal,  fup* 
ported  on  a  mahogany  ftand,  having  three  legs,  which  are 
ftrongly  conne£ked  together  by  braces,  fo  as  to  make  it  p^rfedly 
fteady.  On  each  leg  of  the  ftand  is  placed  a  conical  fri&ion* 
pulley,  whereon  the  dividing  wheel  refts :  to  prevent  the  wheel 
from  Aiding  off  the  fridion*pulleys,  the  bell- metal  centre  under 
it  turns  in  a  focket  on  the  top  of  the  ftand* 

*'  The  circumference  of  the  wheel  is  ratched  or  cut  (by  a 
method  whkh  wiH  be  defcribed  beireafter)  into  2i6q  teeth,  in 
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which  an  endiefs  fcrew  z€ts.    Six  revolutions  of  the  fcrew  wiil 
move  the  wheel  a  fpace  equal  to  one  degree. 

^*  Now  a  circle  of  brafs  being  fixed  on  the  fcrew  arbor,  having 
its  circumference  divided  into  60  parts*  each  divifion  will  confe- 
quently  anfwer  to  a  motion  of  the  wheel  of  10  fecondS)  fix  of 
them  will  be  equal  to  a  minute,  &c. 

**  Several  different  arbors  of  tempered  fteel  arc  truly  ground 
into  the  focket  in  the  centre  of  the  wheel.  The  upper  parts  of 
the  arbors  that  iland  upoit  the  plane  are  turned  of  various  fizeSj 
to  fuit  the  centres  of  difierent  pieces  of  work  to  be  divided.  ' 

**  When  any  inftrument  is  to  be  divided,  the  centre  of  it  is 
▼ery  exadly  fitted  on  one  of  thefe  arbors;  and  the  inftrument  is 
fixed  down  to  the  plane  of  the  dividing  wheel,  by  means  of 
fcrews,  which  fit  into  holes  made  in  the  radii  of  the  wheel  for 
that  purpofe. 

^^  The  inftrument  being  thus  fitted  on  the  plane  of  the 
wheel,  the  frame  which  carries  the  dividing  point  is  conneded 
«t  one  end  by  finger  fcrews  with  the  frame  which  carries  the 
endiefs  fcrew  \  while  the  other  end  embraces  that  part  of  the 
fteel  arbor  which  ftands  above  the  indrument  to  be  divide, 
by  an  angular  notch  in  a  piece  of  hardened  (leel :  by  this  meana 
both  ends  of  the  frame  are  kept  perfectly  fteady>  and  free  from 
any  ihake. 

'^  The  frame  carrying  the  dividing-point  or  tracer  is  made 
to  Aide  on  the  frame  which  carries  the  endiefs  fcrew  to  any 
diftance  from  the  centre  of  t£e  wheel  as  the  radius  of  the  inftru- 
ment to  be  divided  may  require,  and  may  be  there  fattened  by 
tightening  two  clumps  ;  and  the  dividing- point  or  tracer  being 
conne£bed  with  the  clumps  by  the  double-jointed  frame,  admits 
a  free  and  eafy  motion  towards  or  from  the  centre  for  cutting  the 
divifions,  without  any  lateral  fliake, 

^'  From  what  has  been  faid,  it  appears  that  an  inftrument 
thus  fitted  on  the  dividing*>wheel  may  be  moved  to  any  angle  by 
the  fcrew  and  divided  circle  on  its  arbor,  and  that  this  angle  may 
be  marked  on  the  limb  of  the  inftrument  with  the  greateft  exzGt* 
nefs  by  the  dividing-point  or  tracer^  which  can  only  move  in  a, 
diTcSt  line  tending  to  the  centre,  and  is  altogether  freed  from  thofe 
inconveniences  that  attend  cutting  by  means  of  a  ftraight  edge. 
This  method  of  drawing  lines  will  sdfo  prevent  apy  error  that 
might  arife  from  an  ekpanfion  or  contra^ion  of  the  metal  dur- 
ing the  time  of  dividing. 

*^  The  fcrew  frame  is  fixed  on  the  top  of  a  conical  flihr^ 
which  turns  freely  round  its  axis,  and  alfo  n^ovcs  freely  to- 
wards or  from  the  centre  of  the  wheel,  fo  that  the  fcrew-frame 
may  be  entirely  guided  by^the  frame  which  connedis  it  with  the 
centre ;  by  this  means  any  eccentricity  gi  the  wheel  and  the 
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arbor  would  not  produce  any  error  in  the  dividing;  and  by  a 
particular  contrivance  (which  will  be  defcribed  hereafter),  the 
fcrew  when  prefled  againft  the  teeth  of  the  wheel  always  moves 
parallel  to  itfelf ;  fo  that  a  line  joining  the  centre  of  the  arbor 
and  the  tracer  continued  will  always  make  equal  angles  with  the 
fcrew.    , 

"  Fig.  I.  in  PI.  XXVI.  reprefents  a  perfpedlive  view  of  tlic 
engine. 

"  Fig.  2.  in  PL  XXVII.  is  a  plan  of  which  fig.  3.  reprc* 
fcnts  a  fcftion  on  the  line  11  A. 

*^  The  large  wheel  A  is  45  inches  in  diameter,  and  has  ten 
radii»  each  being  fupported  by  edge- bars,  as  reprefented  in  fig.'3« 
Thcfe  bars  and  radii  are  connedted  by  the  circular  ring  B,  24! 
inches  in  diameter  and  3  deep;  and,  for  greater  ilrengthf  the 
whole  is  caft  in  one-piece  in  t>ell-meta]. 

*'  As  the  whole  weight  of  the  wheel  A  refts  on  its  ring  B» 
the  edge  bars  are  deepeft  where  they  join  it ;  and  from  thence. 
their  depth  diminifiies,  both  towards  the  centre  and  circum- 
ference, a^  reprefented  in  fig.  3. 

**  The  furface  of  the  wheel  A  was  worked  very  even  and 
flat,  and  its  circumference  turned  true,  llie  ring  C,  of  fine 
brafs,  was  fitted  very  exa£Hy  on  the  circumference  of  the 
wheel;  and  was  faflened  thereon  with  fcrews,  which,  after 
being  fcrcwcd  as  tight  as  poffible,  were  well  rivetted.  The 
face  of  a  laree  chuck  being  turned  very  true  and  flat  in  the  lathe, 
the  flattened  furface  A  (fig*30  of  the  wheel  was  faftened  againft 
it  with  hold-fafts ;  and  the  two  furfaces  and  circumference  of  - 
the  ring  C,  a  hole  through  the  centre  and  the  plane  part  round 
[b]  it,  and  the  lower  edge  of  the  ring  B,  were  turned  at  the  fiunf 
time, 

'*  D  Is  a  piece  of  hard  bell-metal,  having  the  hole,  which 
receives  the  fteel  arbor  [d],  made  very  ftraight  and  true.  This 
bell-metal  was  turned  very  true  on  an  arbor ;  and  the  face» 
which  refts  on  a  wheel  at  [b],  was  turned  very  flat,  fo  that 
the  fteel  arbor  [d]  might  ftand  perpendicular  to  tne  plane  of  the 
wheel :  this  bell-metal  was  faftened  to  the  wheel  by  fix  fteel 
fcrews  [1]. 

**  A  brafs  focket  Z  is  faftened  on  the  centre  of  the  mahogany 
ftand,  and  receives  the  lower  part  of  the  bell-metal  piece  D, 
being  made  to  touch  the  bell-metal  in  a  narrow  part  near  the 
mouth,  to  prevent  any  obliquity  of  the  wheel  from  bending  the 
arbor :  good  fitting  is  by  no  means  neceflary  here ;  fince  any 
(hake  in  this  focket  will  produce  np  bad  eflFe£);,  as  will  appear 
hereafter  when  we  defcribe  the  cutting-frame. 

*'  The  wheel  was  then  put  on  its  ftand,  the  lower  edge  of  the 
ring  B  (fig  I,  2,  and  3.)  refting  on  the  circumference  df  three 
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conical  friAlon-pulIcys  W,  to  facilitate  its  motion  round  its 
centre.  The  axis  of  one  of  thefe  pulleys  is  in  a  line  joining 
the  centre  of  the  wheel  and  the  middle  of  the  endlefs  fcrew, 
and  the  other  two  placed  fo  as  to  be  at  equal  diftances  from  each 
•ther. 

<<  (Fig.  T.)  is  a  block  of  wood  (Irongly  faftened  to  one  of 
itkt  legs  of  the  ftand  ;  the  piece  [g]  is  fcrewed  to  the  upper  fide 
of  the  block,  and  has  half-holes,  in  which  the  tranfverfe  axis 
[h]  (fig.  4.)  turns:  the  half-holes  are  kept  together  by  the 
fcrcws  [i]. 

«  The  lower  extremity  of  the  conical  pillar  P  (fig.  i.  &  4.) 
terminates  in  a  cylindrical  fteel  pin  [kj,  (fig.  4.)  which  paflea 
through  and  turns  in  the  tranfverfe  axis  [b],  and  is  confined  by 
a  cheek  and  fcrew. 

**  To  the  upper  end  of  the  conical  pillar  is  faftened  the  frame 
G,  (fig.  4«)  in  which  the  endlefs  fcrew  turns  :  tlie  pivots  of  the 
fcrew  are  formed  in  the  manner  of  two  frudums  of  cones  joined 
by  a  cylinder,  as  reprefented  at  X  (fig.  5).  Thefe  pivots  are 
confined  between  half-poles,  which  prefs  only  on  the  conical 
*  parts,  and  do  not  touch  the  cylindric  parts :  the  half-holes  are 
kept  together  by  fcrcws  [a]  which  may  be  tightened  at  any  time, 
to  prevent  the  fcrew  from  (haking  in  the  frame. 

"  On  the  fcrew-arbor  is  a  fmall  wheel  of  brafs  K  (fig.  i,  2, 
4,  5.),  having  its  outfide  edge  divided  into  60  parts,  and  num- 
bered at  every  6th  divifion  with  i,  2,  &c.  to  10.  The  motion 
of  this  wheel  is  fliown  by  the  index  [y]  (fig-  4  &  5.)  on  the 
fcrcw-frame  G. 

**  H  (fig.  I.)  reprefents  a  part  of  the  ftand,  having  a  parallel 
flit  in  the  direction  towards  the  centre  of  the  wheel,  large 
enough  to  receive  the  upper  part  of  the  conical  brafs  pillar  P, 
which  carries  the  fcrew  and  its  frame  :  and  as  the  rdfiftancey 
when  the  wheel  is  moved  by  the  endlefs-fcrew,  is  againft  the 
fide  of  the  flit  H  which  is  towards  the  left  hand,  that  fide  of  the 
flit  is  faced  with  brafs,  and  the  pillaf  is  prefled  againft  it  by  a 
fteel  fpring  on  the  oppofite  fide :  by  this  means  the  pillar  is 
ftrongly  fupported  laterally,  and  vet  the  fcrew  may  be  eafily 
prefled  from  or  againft  the  circumta'ence  of  the  wheel,  and  the 
pillar  will  turn  freely  on  its  axis  to  take  any  direction  given  it 
by  the  frame  L. 

"  At  each  corner  of  the  piece  I  (fig.  4.)  are  fcrews  [n]  of 
tempered  fteel,  having  polifhed  conical  points :  two  of  them 
turn  in  conical  holes  in  the  fcrew-frame  near  [o],  and  the  points 
of  the  other  two  fcrews  turn  in  the  holes  in  the  piece  Q^j  the 
fcrews  [p]  are  of  fteel,  which  being  tightened,  prevent  the 
conical  pointed  fcrcws  from  untuming  when  the  frame  is 
moved. 
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'*  L  (fig*  x>  2y  6.)  is  a  brafs  framei  which  ferves  to  conned 
the  endlefs-fcrew,  its. frame,  ^c.  with  the  centre  of  the  wheel; 
each  arm  of  this  frame  is  terminated  by  a  fteel  fcrew,  that  maf 
be  pafTed  through  any  of  the  holes  [q]  in  the  piece  Q^(  fig.  4.}f 
as  the  thicknefs  of  work  to  be  divided  on  the  wheel  may  require^ 
dnd  are  faftened  by  the  finger-nuts  [r]  (fig.  i.  &  2.) 

**  At  the  other  end  of  this  frame  is  a  flat  piece  of  tempered 
fteel  [b]  (fig.  6.)y  wherein  i$ an  angular'notch :  when  the  endlefs« 
fcrew  is  pr^fTed  againft  the  teeth  of  tne  circumference  of  the 
wheel,  which  may  be  done  by  turning  the  finger-fcrcw  S 
(fig.  I  &  2.)  to  prefs  againil  the  fpring  [tj,  this  notch  embraces 
and  prefles  againft  the  fteel  arbor  (d].  This  end  of  the  frame 
may  be  raifed  or  deprefled  by  moving  the  prifmatic  Aide  [}x\ 
(fig.  2.),  which  may  be  fixed  at  any  height  by  the  four  fted-' 
(crews  [v]  (fig.  i,  a>  6.)« 

"  The  bottom  of  this  Aide  has  a  notdi  [k]  (fig,  i.  &  6.% 
whofe  plane  is  parallel  to  the  endlefs-fcrew ;  and  by  the  point 
of  the  arbor  [d]  (fig.  3.)  refting  in  this  notch,  this  end  of  the 
frame  is  prevented  from  tilting.  The  fcrew  S  (fig.  1,2.)  is  pre- 
vented from  unturning,  by  tightening  the  finger-nut  [wj. 

**  The  teeth  on  the  circumference  of  the  wheel  Vcrc  cut  by 
the  following  method ; 

'^  Having  confidered  what  number  of  teeth  on  the  circum^ 
ference  ^ould  be  moft  convenient,  which  in  this  engine  is  2 160^' 
or  360  multiplied  by  6, 1  made  two  fcrews  of  the  fam«  dimen* 
fions,  of  tempered  fteel,  in  the  manner  hereafter  defcribed,  the 
interval  between  the  threads  being  fuch  as  I  knew  by  calculation 
would  come  within  the  limits  of  what  might  be  turned  ofF  the 
pircumference  of  the  wheel:  one  of  thefe  (crepra,  which  was  in* 
tended  for  ratching  or  cutting  the  teeth,  was  notched  acrofs  the 
threads,  fo  that  the  fcrevf ,  when  preiTed  againft  the  edge  of  the 
wheel  and  turned  round,  cut  in  the  manner  of  a  faw.  Then 
having  a  fegment  of  a  circle  a  little  greater  than  60  degrees, 
of  about  the  fame  radius  with  the  wheel,  and  the  circumfer- 
ence made  true,  from  a  very  fine  centre,  I  defcribed  an  arch 
near  the  edge,  and  fet  off  the  cord  of  60  degrees  on  this  arch. 
This  fegment  was  put  in  the  place  of  the  wheel,  the  edge  of  it 
was  ratched,  and  the  number  of  revolutions  and  parts  of  the 
fcrew  contained  between  the  interval  of  the  60  degrees  were 
counted.  The  radius  was  corre£ked  in  the  proportion  of  360^ 
revolutions,  which  ought  to  have  been  in  60  degrees,  to  the 
number  afi:ually  found;  and  the  radius,  fo  corre&ed,  wa^ 
taken  in  a  pair  of  beam-compafles:  while  the  wheel  was  on 
the  lath,  one  foot  of  the  compafies  was  put  in  the  centre,  and 
with  the  other  a  circle  was  defcribed  on  the  ring ;  then  halJF  the 
depth  of  the  threa4s  of  the  fcrew  being  taken  in  diyiders^  was  fet 
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from  this  circle  outwards,  and  another  circle  ^s  defcribed 
cutting  this  point ;  a  hpllow  was  then  turned  on  the  edge  of  the 
wheel  of  the  fame  curvature  as  that  of  the  fcrew  at  the  bottom 
of  the  threads  :  the  bottom  of  this  hollow  was  turned  to  the 
f^me  radius  or  didance  from  the  centre  of  the  wheel,  as  the 
outward  of  the  two  circles  before  mentioned. 

*  "  The  wheel  was  now  taken  off  the  lathe  ^  and  the  bell-metal 
piece  D  (fig.  3.)  was  fere  wed  on  as  before  diredkcd,  which  after 
this  ought  not  to  be  removed. 

'  **  From  a  very  exa£):  centre  a  circle  was  defcribed  on  the 
ring  C  (fig.  I J  2,  3.),  about  -rW  ^^  ^°  i"cb  within  where  the 
bottom  of  the  teeth  would  come.     This  circle  was  divided  with 
the  greatefl  exa£l:nefs  I  was  capable  of,  firft  into  five  parts,  and 
each  of  tbefe  into  three.    Thefe  parts  were  then  bifeded  four 
times  :  (that  is  to  fay),  fuppofing  the  whole  circumference  of 
the  wheel  to  contain  2160  teeth,  this  being  divided  into  five 
parts,  each  would  contain  432  teeth  j  which  being  divided  into 
three  pares,  each  of  diem  would  contain  144;  and  this  fpace 
bife£ied  four  times  would  give  72,  36,  18,  and  9:  therefore 
each  of  the  lad  divifions  would  contain  nine  teeth.     But,  as  I 
was  apprehenCve  fome  error  might  arife  from  quinquefeclion 
and  trifeftion,  in  order  to  examine  the  accuracy  of  the  divifions, 
I  defcribed  another  circle  on  the  ring  C  (fig.  7.)  tV  i^^b  within 
the  former,  and  divided  it  by  continual  bifedlions,  as  2160,  1080, 
540,  270,  135,  67^9  and  33^ }  and  as  the  fixed  wire  (to  be  de- 
fcribed prefently)  crofied  both   the  circles,  I  could  examine 
their  agreement  at  every  135  revolutions  ;  (after  ratching,  could 
eumine  it  at  every  33  j-)  :  but,  not  finding  any  fehfible  difference 
between  the  tyep  fets  of  divifions,  I,  for  ratching,  made  choice 
of  the  former }  and,  as  the  coincidence  of  the  fixed  wire  with 
an  interfe£bion  could  be  more  exadly  determined  than  with  a 
dot  or  divifion,  I  therefore  made  ufe  of  interfe£lions  in  both 
circles  before  defcribed. 

"  The  arms  of  the  frame  L  (fig.  7.)  were  conne£ted  by  a 
thin  piece  of  brafs  of  ^  of  an  inch  broad,  having  a  hole  in  the 
middle  of  -^  of  an  inch  in  diameter ;  acrofs  this  hole  a  filver 
wire  was  fixed  exactly  in  a  line  to  the  centre  of  the  wheel :  the 
coincidence  of  this  wire  with  the  interfe<3ions  was  examined 
by  a  lens  -^  inch  focus,  fixed  in  a  tube  which  was  attached  to 
one  of  the  arms  L*.  Now  a  handle  or  winch  being  fixed  on 
the  end  of  the  fcrew,  the  divifion  marked  10  on  the  circle  K 
was  fet  to  its  index,  and,  by  means  of  a  clamp  and  adjuftine- 
icrew  for  that  purpofe,  the  interfe£lion  marked  i  on  the  circle 

*  The  interfc^ions  are  marked  for  the  fake  of  illuftratton,  though 
properly  ioviiible,  they  lying  under  the  brafs  platk. 
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C  was  fet  exaftly  to  coincide  with  the  fixed  wire  ;  the  fcrevr 
was  then  carefully  prefled  againft  the  circumference  of  the 
wheel,  by  turning  the  finger-fcrew  S  \  then,  removing  the 
clamp,  I  turned  the  fcrew  by  its  handle  9  revolutions,  till  the 
interieftion  marked  240  came  nearly  to  the  wire ;  then,  un- 
turning  the  finger-fcrew  S,  I  releafed  the  fcrew  from  the  wheel, 
and  turned  the  wheel  back  till  the  interfeftion  marked  2  cxaftly 
coincided  with  the  wire;  and,  by  means  of  the  clamp  before 
mentioned,  the  divifion  10  on  the  circle  being  fet  to  its  index, 
the  fcrew  was  prefled  againft  the  edge  of  the  wheel  by  the 
finger-fcrew  S  ;'the  clamps  were  removed,  and  the  fcrew  turned 
nine  revolutions  till  the  interfeftion  marked  i  nearly  coincided 
with  the  fixed  wire;  the  fcrew  was  releafed  from  the  whce^by 
unturning  the  finger-fcrew  S  as  before  ;  the  wheel  was  turned 
back  till  the  interfeftion  3  coincided  with  the  fixed  wire  ;  the 
divifion  10  on  the  circle  being  fet  to  its  index,  the  fcrew  was 
prefled  againft  the  wheel  as  before,  and  the  fcrew  was  turned 
9  revolutions,  till  the  interfeftion  2  nearly  coincided  with  the 
fixed  wire,  and  the  fcrew  was  releafed ;  and  I  proceeded  in  this 
manner  till  the  teeth  were  marked  round  the  whole  circum- 
ference of  the  wheel.  This  was  repeated  three  times  round,  to 
make  the  impreflion  of  the  fcrew  deeper.  I  then  ratched  the 
wheel  round  continually  in  the  fame  direftion  without  evet 
difengaging  the  fcrew  ;  and,  in  ratching  the  w^heel  about  30Q 
times  round,  the  teeth  were  finiflied. 

**  Now  it  is  evident,  if  the  circumference  of  the  wheel  was 
even  one  tooth  or  ten  minutes  greater  than  the  fcrew  would 
require,  this  error  would  in  the  firft  inftance  be  reduced  ta 
-j^  part  of  a  revolution,  or  two  feconds  and  a  half;  and  thefe 
errors  or  inequalities  of  the  teeth  were  equally  diftributed  round 
the  wheel  at  the  diftance  of  iiinc  teeth  from  each  other.  Now, 
as  the  fcrew  in  ratching  had  continually  hold  of  feveral  teeth 
at  the  fame  time,  and  thefe  conftantly  changing,  the  above-* 
mentioned  inequalities  foon  correfted  themfelves,  and  the  teeth 
were  reduced  to  a  perfcft  equality.  The  piece  of  brafs  which 
carries  the  wire  was  now  taken  away,  and  the  cutting-fcrew  was 
alfo  removed,  and  a  plain  one  (hereafter  defcribed)  put  in  its 
place  :  on  one  end  of  the  fcrew  is  a  fmall  brafs  circle,  having  its 
edge  divided  into  60  equal  parts,  and  numbered  at  every  fiitK 
divifion,  as  before  mentioned.  On  the  other  end  of  the  fcrew 
is  a  ratchet-wheel  C,  having  60  teeth,  covered  by  the  hollowed 
circle  [dj  (fig.  5.  )>  which  carries  two  clicks  that  catch  upon  the 
oppofite  fides  of  the  ratchet  when  the  fcrew  is  to* be  moved 
forwards.  The  cylinder  S  turns  on  a  ftrong  fteel  arbor  F^ 
which  paflles  through  and  is  firmly  fcrewed  to  the  piece  Y  :  this 
piece,  for  greater  firmncfs,  is  attached  to  the  fcrew-frame  G 
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(figi  4.)  by  the  braces  [v] :  a  fpiral  grooYe  or  tbread  h  cut  6n 
the  outfide  of  the  cylinder  S,  which  ferves  both  for  holding  the 
ftring^  and  alfo  giving  motion  to  the  lever  J  on  its  centre  by 
means  of  a  fteel  tooth  [n],  that  works  between  the  threads  of 
the  fpiral.  To  the  leiTer  is  attached  a  ftrong  fteel  pin  [m],  on 
which  a  brafs  focket  [r]  turns  :  this  focket  pafies  through  a  flit 
in  the  piece  [p])  and  may  be  tightened  in  any  part  of  the  flit  by 
the  finger-nut  [f]  :  this  piece  ferves  to  regulate  the  number  of 
levolutions  of  the  fcrew  for  each  tread  of  Uie  treadle  R. 

**  T  (fig.  I.)  is  a  brafs  box  containing  a  fpiral  fpring ;  a 
ftrong  gut  is  faftened  and  turned  three  or  tour  times  round  the 
circumference  of  this  box ;  the  gut  then  pafles  feveral  times 
round  the  cylinder  S»  and  from  thence  down  to  the  treadle  R 
(£g.  I.}.  Nowy.when  the  treadle  is  prefled  down,  the  ftring 
pulls  the  cylinder  S  round  its  axis,  and  the  clicks  catching  hold 
of  the  teeth  on  the  ratchet  carry  the  fcrew  r6und  with  it,  till, 
by  the  tooth  [n]  working  in  the  fpiral  groove,  the  lever  J 
(fig.  4.)  is  brought  near  the  wheel  [d],  and  the  cylinder 
ftopped  by  the  fcrew'head  [x]  ftriking  on  the  top  of  the  lever 
J ;  at  the  fame  time  the  fpring  is  wound  up  by  the  other  end  of 
the  gut  pafling  round  the  box  T  (fig.  i.).  Now,  when  the  foot 
is  taken  off  the  treadle,  the  fpring  unbending  itfelf  pulls  back 
the  cylinder,  the  clicks  leaving  the  ratchet  and  fcrew  at  reft  till 
the  piece  [t]  ftrikes  on  the  end  of  the  piece  [p]  ^fig.  i.) :  the 
number  of  revolutions  of  the  fcrew  at  each  tread  is  limited  by 
the  number  of  revolutions  the  cylinder  is  allowed  to  turn  back 
before  the  ftop  ftrikes  on  the  piece  [p]. 

**  When  the  endlefs-fcrew  was  moved  round  its  axis  with  a 
Cpnfiderable  velocity,  it  would  continue  that  motion  a  little  after 
the  cylinder  S  (fig*  i.  and  4.)  was  ftopped :  to  prevent  this,  the 
angular  lever  1^  was  made ;  that  when  the  lever  J  comes  near  to 
ftop  the  fcrew  [x],  it,  by  a  fmall  chamfer,  prefixes  down  the 
piece  X  of  the  angular  lever  j  this  brings  the  other  end  t^  of  the 
fame  lever  forwards,  and  ftops  the  endlefs-fcrew  by  the  fteel 
pin  fi.  ftriking  upon  the  top  of  it :  ^he  foot  of  the  lever  is  raifed 
again  by  a  fmall  fpring  preifing  on  the  brace  [v]. 

<*  D,  two  clamps,  conne&ed  by  the  piece  a,  Aide  one  on  each 
arm  of  the  fr^me  L  (fig.^  i,  2,  6.]>  sind  may  be  fixed  at  pleafure 
by  the  four  finger-fcrews  «,  which  prefs  againft  fteel  fprings  to 
avoid  fpoiling  the  arms  :  the  piece  [q]  is  made  to  turn  widiout 
ihake  between  two  conical  pointed  fcrews  [f],  which  are  pre- 
vented from  unturning  by  tightening  the  fingei'-nuts  N. 

**  The  piece  M  (fig.  6.)  is  made  to  turn  on  the  piece  [q3» 
by  the  conical  pointed  fcrews  [f]  refting  in  the  hollow  centres 
te]. 

*'  As  there  is  frequent  occafion  to  cut  divifions  on  inclined 
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t^lanes,  for  that  purpofe  the  piece  y,  in  which  the  tracer  is  fixed, 
has  a  conical  axis  at  each  end,  which  turn  in  half  holes :  when 
the  tracer  is  fet  to  any  inclination,  it  may  be  fixed  there  by 
tightening  the  fteel  fcrews  /3. 

•*  Defcripiion  of  the  Engine  hy  which  the  Endlefsfcrew  &fthe  Divii-' 

ing'cngine  was  cut. 

^^  Fig/  9*  reprefents  this  engine  bf  its  full  dimenfions  feen 
from  one  fide. 

'*  Fig.  8.  the  upper  fide  of  the  fame  a^  feen  from  above. 

*'  A  reprefents  a  triangular  bar  of  fteel,  to  which  the  tri- 
angular holes  in  the  pieces  B  and  C  are  accurately  fitted,  and 
may  be  fixed  on  any  part  of  the  bar  by  the  fcrews  D. 

*'  £  is  a  piece  "of  fteel  whereon  the  fcrew  is  intended  to  be 
cut ;  which,,  after  being  hardened  and  tempered,  has  its  pivots 
turned  in  the  form  of  two  fruftums  of  cones,  as  reprefented  in 
the  drawings  of  t]ie  dlv^ing* engine  (fig.  5.).  Thefc  pivots  were 
exadly  fitted  to  the  -half-holes  F  and  T,  which  were  kept 
together  by  the  fcrews  Z, 

**  H  reprefents  a  fcrew  of  untempered  fteel,  having  a  pivot  I, 
which  turns  in  the  hole  K.  At  the  other  end  of  the  fcrew  is  a 
hollow  centre,  which  receives  the  hardened  conical  point  of  the 
ileel  pin  M.  When  this  point  is  fufficiently  prefled  againft  the 
fcrew,  to  prevent  its  fhaking,  the  fteel  pin  may  be  fixed  by 
tightening  the  fcrews  Y. 

"  N  is  a  cylindric  nut,  moveable  on  the  fcrew  H ;  which, 
to  prevent  any  ihake,  may  be  tightened  by  the  fcrews  O.  This 
nut  is  conne^ed  with  the  faddle-piece  P  by  means  of  the  inten- 
mediate  univerfal  joint  W,  through  which  the  arbor  of  the, 
fcrew  H  pafles.  A  front  view  of  this  piece,  with  a  fe6kion 
acrofs  the  fcrew-arbor,  is  reprefented  at  X.  This  joint  is  con- 
neded  with  the  nut  by  means  of  two  fteel  flips  S,  which  turn 
on  pins  between  the  cheeks  T  on  the  nut  N.  The  other  ends 
of  tbefe  flips  S  turn  in  like  manner  on  pins  (a).  One  axis  of 
this  joint  turns  in  a  hole  in  the  cock  (b),  which  is  fixed  to  the 
faddle-piece ;  and  the  other  turns  in  a  hole  (d),  made  for  that 
purpofe  in  the  (ame  piece  on  which  the  cock  (b)  is  fixed.  By 
this  meanSf  when  the  fcrew  is  turned  round,  the  £<iddle-piede 
will  Aide  uniformly  along  the  triangular  bar  A. 

'  '*  K  is  a  fmall  triangular  bar  of  well-tempered  fteel,  which 
Aides  in  a  groove  of  the  fame  form  on  the  faddle-pieceP.  The 
point  of  this  bar  or  cutter  is  formed  to  the  Ihape  of  the  thread 
intended  to  be  cut  on  the  endlefs-fcrew.  When  the  cuitJer  fe 
fet  to  take  proper  hold  of  the  intended  fcrew,  it  may  be  iiice4 
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bj  tightening  the  fcrews  (e),  which  prefs  the  tvtro  pieces  of 
brafs  G  upon  it. 

*^  Having  meafured  the  circumference  of  the  dividing-wheel, 
I  found  it  would  require  a  fcrew  about  one  thre;ui  in  a  hundred 
coarfer  than  the  guide-fcrcw  H.  The  wheels  on  the  guide- 
fcre'vtr  arbor  H,  and  that  on  the  fteel  £,  on  which  the  fcrew  was 
to  be  cut,  were  proportioned  to  each  other  to  produce  that 
efFed,  by  giving  the  wheel  L  198  teeth,  and  the  wheel  O  200. 
Thefe  wh^ls  communicated  with  each  other  by  means  oT  the 
intermediate  wheel  R,  which  alfo  ferved  to  give  the  threads  on 
the  two  fcrews  the  fame  dirediion. 

**  The  faddle-piece  P  is  confined  on  the  bar  A  by  means  of 
the  pieces  (g),  and  may  be  made  to  Aide  with  a  proper  degree 
of  tightneis  by  the  fcrews  (n)." 

REVERSING  of  motions,  cMtrwanc^s  fir.  We  do  not 
here  mean  to  fpeakof  alternating  or  reciprocating  motions  aftar 
interrais  of  ihort  continuance  \  thoie  being  already  treated  of 
in  the  introdudory  part  of  this  volume,  alfo  under  the  title 
Parallel  motions^  befides  that  they  occur  incidentally  in  the 
feparate  defcriptions  of  feveral  machines.  We  Ihall  now 
mention  fome  methods  of  reverfing  motions  after  much  longer 
intervals  ;  as  in  the  cafe  of  drawing  up  buckets  from  wells  or 
mines,  where  no  change  of  diredion  may  be  required  for  feverai 
minutes ;  or  in  different  kinds  of  miU«work,  where  the  direfUoti 
may  not  be  changed  for  fome  hours. 

Contrivances  to  effe£k  fuch  revcrfion  of  motion  are  very 
numerous ;  but  almoft  all  of  them  may  be  reduced  to  two 
general  methods  :  for  the  required  change  is  generally  produced 
either  by  making  two  equal  pinions  on  one  and-  the  fame  axis 
take  alternately  into  the  teeth  of  thofe  parts  of  a  larger  wheel 
whilh  are  nearly  diametrically  oppofite  ;  or,  by  means  of  an 
additional  wheel  which  may,  as  the  pra6iical  mechanics  term 
at,  be  thrown  in  and  out  of  gear  alternately. 

In  many  engines  for  drawing  buckets  out  of  mines  that  are 
moved  by  horfes,  the  motion  is  frequently  reverfed  by  turning 
round  the  animal,  and  caufing  him  to  retrace  his  fteps  and 
draw  t^e  contrary  way  :  but  this  is  found  very  injurious  to  the 
horfe,  a  circumflance  which  has  frequently  led  to  the  adoption 
of  other  methods.  In  Emerfon's  Mechanics  a  fimple  con- 
trivance is  defcribed,  confiding  merely  of  a  horizontal  face^ 
«wheel  upon  the  fame  vertical  (haft  as  the  horfepole  is  attached 
to,  and  two  equal  pinions  upon  the  fame  axle  as  carries  the 
drum  or  barrel  on  which  the  rope  winds.  The  axle  wluch 
carries  the  drum  and  pinions  is  fixed  horizontally  a  little  above 
a  diameter  of  the  face-wheel }  and  firft  one  and  then  the  other 
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of  the  {sinions  is  made  to  be  driven  by  that  wheel ;  thus,  «iani- 
feftly,  reverfing  the  motion  as  required.  There  are  two 
methods  of  attaching  thefe  pinions  to.  the  axle,  and  making 
them  to  be  a£^ed  upon  by  the  face-wheel :  in  one  of  them,  the 
pinions  are  fafl^ned  upon  the  axle  at  a  di (lance  from  each  other 
exceeding  the  diameter  of  the  face- wheel  only  3  or  4  inches  j 
then,  the  axle  hdifg  moved  horizontally  through  this  fmall 
diftance  brings  fitft  one  and  then  the  other  pinion  into  conta£t 
with  the  wheel  at  oppofite  extremities  of  a  diameter,  and  thus 
changes  the  diredion  of  the  motion ;  but  this  method  is  at- 
tended with  the  difadvantage  of  having  often  to  move  a  heavy 
weight  with  the  horizontal  axle,  befides  that  there  is  much 
danger  of  breaking  the  teeth  of  the  pinions  and  wheel  when 
they  firft  come  to  embrace  each  other.  In  the  fecond  method^ 
the  lanterns  or  pinions  both  turn  conftantly  with  the  face« 
^eely  but  they  play  freely  upon  their  common  axle,  except  ^ 
they  arc  ftopped  by  a  pin  which  ^xes  them ;  the  application  of ' 
fucn  pin  to  firft  the  one  and  then  the  other  of  the  lanterns  pro- 
daces  the  alternating  motion,  as  propofed* 

M,  Prony  has  two  contrivances  for  reverfing  the  motion  In 
horfe^^whimsi  without  changing  that  of  the  ammal :  in  both  of 
which,  however,  the  general  principle  is  the  fame  as  that 
adopted  by  Mr.  Emerfon.  In  the  firft  a  horizontal  wheel, 
toothed  at  its  face,  lay  juft  above  two  vertical  pinions,  fixed  on 
the  oppofite  extremities  of  an  axis  of  the  length  of  its  diameter. 
Tdiis  wheel  was  fo  contrived  as  to  incline  a  little  from  its  hori-  . 
feontal  pofition  to  either  iide  at  pleafure ;  fo  that  on  the  one 
inclination  its  teeth  locked  with  thofe  of  one  pinion,  and. 
receded  from  the  other ;  and  on  the  other  pofition,  its  operation 
on  the  pinions  -was  reverfed !  by  which  the  axis  of  the  pinions 
turned  round  firft  in  one  direction,  and  afterwards  in  the 
contrary* 

.  M.  rrony,  finding  this  method  fubjeft  to  fome  inconveni- 
ences, contrived  tlie  following,  which  he  efteems  much  fuperior 
to  it.  An  horizontal  wheel,  toothed  at  its  face,  and  attached 
to  a  perpendicular  arbor  (which  gives  it  motion),  turns  two 
pinions,  moveable  on  the  fame  axis,  which  it  meets  at  the 
oppofite  fides  of  its  circumference  :  thefe  pinions  are  not 
attached  to  the  ans,  but  turn  round  freely  upon  it :  the  inter- 
mediate part  of  the  axis  is  fquare^  and  has,  adjoining  to  each 
pinion,  boxes  which  Aide  back  and  forwards  on  it,  each  of 
which  fupport  a  faced  wheel,  with  ftrong  ferrated  teeth  ;  the 
ferration  being  in  a  different  direftion  ^n  the  oppofite  wheels  : . 
the  boxes  are  connefted  by  two  iron  barsi  fo  as  to  change  their 
places  by  one  movement ;  to  the  pinions  there  are  alfo  feirated 
faced  wheels-  attached^  fo  as  to  lock  on  thofe  oppofite  to  them 
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on  the^flidlng  bf>m*    From  this  conftruAioa  it  ftrf]ow9|  iiist 
vfhtn  the  boxes  are  Hidden  to  one  extremity  of  the  axis,  the 
^ihion  »t  that  fide  will  be  conae£led  with  the  axle,  and  com^ 
rntunicate  it^  motion  to  it  in  one  direAion  i  and  when  the  hoxev 
are  moved  to  the  other  extremity,  then  the  firft  plnjon  will  be 
dif(?n|;\ged»  jjid  the  fecond  be  locked  to  the  axle,  and  caufe  ]£ 
to  turn  round  in  a  dire£lion  the  reverfe  of  that  in  which  it 
inoved  before.    Tl^ere  is  a  lever  on  another  axle*  whofe  office 
is.  td  ii¥>ve  the  before-mentioned  boxes  backwards  and  forwards: 
iin  arm  projects  fix>m  the  axis»  which  moves  between  two  pieceSf 
|)r6ceeaipg  from  the  frame  conne£ted  with  the  boxes  :  the  lever 
rifes  upwards^,  and  hag  a  weight  at  its  top»  bj  which  it  preiTe^ 
ftioiigly  in  eidiec  dirc£lion|  when  it  pailes  the  perpendicular 
poIitLoji  i  forming  thus  the  contrivance  vulgarly  caUecl  a  tumblings 
Dob>  which  is  ufed  in  various  engines  for  a  fimilar  purpoie* 
Upon  the  fame  axle  on  which  the  pinions  move  is.  fattened  ji 
drum-wheeU  round  whic^  pafles  the  chain  or  cord  to  which  the 
buckets  are  attached  j  anotner  chain  or  cord  is  placed  below  the 
buckets,  from  the  bottom  of  one  to  that  of  the  other,  to  Ibrm  an 
/((^uililirium  between  the  whole  of  the  appendage  of  one  bucket 
>ind  ,that  of  the  other  iii  all  portions.     A  bar  is  fo  placed,  that^ 
On  one  of  .the  buckets  ri£ng  to  a  certain  height  it  catches  the 
har^.  forces  it  upwards,  and  thereby  .^rowa  over  the  tumbling-* 
.bpb  connef^ed  with  its  other  extremity:  this  reverfes  the 
jnbvement  of  tbe  buckets  ,  and,  on  the  other  bucket  rifing,  it 
<>perates  in  the  Came,  way  on  Mother  lever,  which  throws  the 
bob  to  the  other  fide,  and  cai^ifes  the  firft  bucket  to  xitc  again. 
...  M.  Prony  has  annexed  a  contrivance  to  this  eng^tte  by  which 
the  horfe  that  puts  it  in   motion  is    difengaged  when  any 
] accident  happens,  which  would  tend  to  (top  the  movement  of 
the.^v^heeU  :  tor  thb  purpofe  the  traces  pafs.uncjer  tw0  pulleys  in 
,jtjiie  ends  pf  the  yoke ;  and  their  extremities,  which  have  loops 
^>Yrought.  in  them*  are  thereby  attached  to  two  pins  in.  a  roller, 
.round .which  a  cord  is  wound  two  or  three  turns,  and  pafles 
'from  thence  through  rings  in  the  lever,  which  caufes  the  arbor 
to  revolve,  and  oyer  a  pulley  on  the  arbor  to  a  weight  which 
hangs  befide  it.     When  the  draught  exceeds  this  weight,  it  is 
evident  \hc  roller  will  be  drawn  round  by  the  graces,  and  that 
,  they.  ^11  flip  off  the  pins,  and  be  difengaged  during,the  firft 
'  revolution. 

'.  .The  method  of  jevcrGng  motion  by  caufing  pipions  to  be 
J.  pperated  upon  by  Ac  bppofite  parts  of  a  face-wheelt  has  been 
,ion^  known  and  pra£UIed  by  niiU-wrights.j  and  they  have 
various  contrivances  for  performing  the  aJternatron^  as  by  ievets, 
_  fcrews^  tij|n5ibling.bob8,.  &c.  One  of  t^jgfe  wijl  be  illufba^d 
\  %  a  figure^  when  we  come  tol  tlie  article  Tip^rwi//^, , 
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\  As  to  tHe  fecbhd  general  tnctlibd,  it  fia^  p«fKaps  th  api 
pearahce  of  gtcatet  (implicit^;  though,  when  reduced  to  prafticd. 
It  IS  commonly  found  morcexpenfive  tham  the  former.  Suppoft 
that  while  the  horizontal  wheel  A  *  (fig.  2.  pi.  ^XVflt.)  cohh 
tinuesto  turn'always  one  way,  it  is  required  to  have  the  hoHf 
zontal  wheel  B  turn,  fometimes  ih  one  direction,  and  fometimeii 
an  another:  by  means  of  ah  additional  ^heet  C^  equal  ili 
diameter  and  number  of  teeth  (fuppbfing  the  velocities  in  both 
dire^iions  to  be  equal),  this  may  be  accomplifhed,  thus :  )Let  the 
two  wheels  B  and  C  have  the  lower  pivdts  of  their  axles  refting 
In  boxes  or  cafes  that  may  be  movea  up  and  down  by  means  ot 
fcrewi ;  and,  while  the  wheels  A  and  B  are  nearly  of  equal 
tbicknefs,  let  the  wheel  C  be  fomewhat  more  than  double  the 
thicknefs  of  either :  when  the  motioji  of  the  wheel  B  is  to  be  in  \ 
contraiy  dircftioh  to  that  of  A,  let  the  wheel  C  be  lowered  f(i 
much  that  its  teeth  play  neither  into  thofe  of  A  nor  B,  while  the 
teeth  of  A  take  into  thofe  of  B  and  dtive  it  round :  when,  on  th^ 
contrary,  B  is  to  be  moved  in  the  fame  dire£^ipn  as  A,  let  the 
wheel  B  be  lowered  til!  its  teeth  do  not  come  into  conta<^  with 
thofe  of  A^  and  let  C  be  raifed  until  fhe  upper  parts  of  its  te^th 
take  between  thofe  of  the  wheel  Kl  while  the  lower  ^rts  df 
other  teeth  play  into  the  teeth  B  \  fb  fliall  the  rotation  of  iS  hayfe 
the  direction  required.  If  the  motidti  of  the  wheel  A  werii 
fometimes  in  one  direction  and  fometimes  in  another^  the 
motion  of  B  might  all  along  be  preferved  in  one  dire^ftioHj  by 
the  occafional  application  of  C  as  an  intermediate,  whed. 

Regulator  o/'i/j/r^irf/ffgf  motions.    See  Hardie^s  CUANfi. 

ROTATORY  MOTION,  when  produced  by  a  reciprocating 
Tnotion,  requires  fome  contrivance  to  render  it  uniform,  ot 
nearly  ib.  The  ufual  method  of  equalizing  is  by  attaching  a 
fly-wheel  to  fome  part  of  the  machinery :  but  Mr.  Atthur 
'Woolf  has  invented  an  apparatus  to  be  fubftitutcd  for  the  fly 
In  fteam-engines,  which  poflefles  the  advantage  of  equalizing 
the  motion,  with  the  property  of  being  Hopped  and  fet  to  work 
at  any  part  of  the  ftroke. 

Plate  XXIII.  fig.  4.  A  reprefehts  part  of  the  engine-beam; 
B  the  conneding-rod ;  C  the  crank-arm ;  D  a  cog-wheelf 
working  into  anodier  cog-wheel  E,  of  half  the  fize  ^  F  a  crank- 
arm  on  the  fliaft  of  the  fmail  wheel ;  G  a  cylinder  clofed  at 
l)ottom|  in  which  a  folid  or  unperforated  pifton  mdve$,  leaving 
a  Vacuum  beneath.  This  a£ts  limply  inltead  of  a  weight  oti 
the  cratnk  F,  by  the  conftant  prefTure  of  the  a^mofphere  \  and 
the  diameter  01  the  pifton  muft  be  fuch  as  nearly  to  equal  one- 
third  of  the  fovi^tr  of  the  engipe.  ' 

In  fig.  5.  the'  outer  circle  is.  'the  llilc  defcribed  t>y  thfe  craift  1 
the  circumWence  of  the  inner  circle  is  eqUal  to  t^ice  the 
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cfiamcter  of  the  outer,  and  the  fquarc  has  the  fame  drCtim- 
ference :  this  laft  exhibits  the  inequality  ftill  remaining,  which 
By  this  method  is  reduced  to  about  one  fifth ;  but  hr  the 
afliftance  of  a  fmall  fly  on  the  fecond  motion,  the  efFeft  will 
^ecome  nearly  die  fame  as  that  of  a  rotative  engine,  with  the 
advantages  here  mentioned. 

The  lanfe  motion  may  be  applied  to  a  pump,  but  in  this  cafe 
^e  two  cranks  mud  be  horizontal  at  the  fame  time.  Nichm 
^Qur,  No.  23.  N.  S. 

SAWMILLS,  conftrufted  for  the  purpofe  of  fawmg  eidiet 
timber  or  ftone,  are  moved  by  animals,  by  water,  by  wind,  or 
by  fteam.  They  may  be  diilinguifhed  into  two  kinds  :  thofe  in 
whi<^h  the  motion  of  the  faws  is  ii^ciprocating,  and  thofe  in 
which  the  faws  have  a  rotatory  motion.  In  either  cafe  the 
rcfearches  of  theorifts  have  riot  yet  turned  to  any  account: 
inftead,  therefore,  of  giving  any  uncertain  theory  here,  we  Ihall 
proceed  to  the  defcriptive  part,  and  refer  thofe  who  wiih  to  fee 
fome  curious  inveftigations  on  this  fubje£b  to  a  Memoir  on  the 
Action  of  Saws,  bv  Euler,  in  Mem.  Acad.  Roy.  Berlin,  1756. 

Reciprocating  lawmills  for  cutting  timber  and  moved  hf 
yrater^  do  not  exhibit  much  variety  in  their  conftruAion.  The 
fawmill  reprefented  in  pi.  XXVIII.  is  taken  from  Gray's 
Experienced  Millwright ;  but  it  only  differs  in  a  few  trifling 
particulars  from  fome  which  are  defcribed  in  Belidor^s  Archie 
tefture  Hydraulique,  and  in  Gallon's  Colle£Hon  of  Machined 
approved  by  the  French  academy. 

i:  The  plate  Juft  referred  to  ftiews  the  elevation  of  the  milL 
A  A  the  iliaft  or  axle,  upon  which  is  fixed  the  wheel  BB  (of 
172-  or  18  feet  diameter),  containing  40  buckets  to  receive  the 
water  which  impels  it  round.  CC  a  wheel  fixed  upon  the  fame 
^aft  containing  96  teeth,  to  drive  the  pinion  No.  2.  having 
22  teeth,  which  is  faftened  upon  an  iron  axle  or  fpindle,  having 
!a  coupling  box  on  each  end  that  turns  the  cranks,  as  DD, 
round  :  one  end  of  the  pole  E  is  put  on  the  drank,  and  its  otlier 
end  moves  on  a  joint  or  iron  bolt  at  F,  in  the  lower  end  of  tlie 
Yrame  GG.  The  crank  DD  being  t^rn/cd  round  in  the  pole  E, 
*Dioves  the  frames  GG  up  and  down,.. and  thefe  having  faws  in 
them,  by  this  motion  cut  the  wood.  The  pinion.  No*  2.  may 
work  2,  3,  or  more  cranks,  and  thus  move  as  many  frafties  rf 
laws.  No.  3,  an  iron  wheel  having  angXilar  teeth,  which  one 
end  of  the  iron  K  takes  hold  of,  while  its  other  end  roUs  on  a 
bolt  ill  the  lever  HH.  One  end  of  this  lever  moves  on  a  bolt 
at  ty  the  other  end  may  lie  in  a  notch  in  the  frame  GG  fo  as  to 
be  puilied  up  and  down  by  it.  Thus  the  catch  K  pulls  the 
"wheel  round,  while  the  catch  L  falls  into  the  teeth  and  prevents 
it  from  going  backwards.     (See  Univeffal  levz^,)    Upon  the 


nit  of  No.  3*  18  aUb  £xcd  the  pinion  No*- 4,  taking  Into  the 
teeth  in  the  under  edge  of  the  iron  bar,  that  i$  f&fiened  upop 
.the  frapie  TH^f  on  which  the  wood  .to  be  cut  hi  laid :  by  this 
snean  the  frame  TT  is  moved  on  its  rollers  SSj  along  the  fixed 
frame  U(J  j  and  of  courfe  the  wpod  failened  upon  It  is  brought 
forward  to  the  faws  as  they  are  moved  up  and  down  by  reaion 
of  the  turning  round  of  the  crank  DD.     W,  the  machine  and 
handle  to  raife  the  fluice  when  the  water  is  to  be  let  upon  the 
wheel  B  B  to  give  it  motion.     By  pulling  the  rope  at  the  longer 
arm  of  the  lever  M,  the  pinion  No.  2.  is  put  mto  the  hold  <k 
grip  of  the  wheel  CC9  which  drives  it;  and  by  pulling  tli^ 
rope  Rj  this  pinion  is  cleared  from  the  wheel.     No.  5 .  a  pinion 
containing  24  teeth,  driven  by  the  wheel  QC,  and  having  upon 
jits  axle  a  (heave,  on  which  is  the  rope  PP,  paiGng  to  the  iheave 
No.  6.  to  turn  it  round  i  and  upon  its  axle  is  fixed  the  pinion 
No.  7.  adding  on  the  teeth  in  an  iron  bar  upon  the  frame  TT^ 
to  roll  that  frame  backwards  when  empty.     By  pulling  the  rope 
Ht  the  longer  arm  of  the  lever  N,  the  pinion  No.  5.  i$  put  intp 
|:be  hold  of  the  wheel  CC  i  and  by   pulling  the  rope  Q  it  ij) 
taken  off  the  hold.     No.  8.  a  wheel  fixed  upon  the  axle  No.  o. 
having  upon  its  periphery  angular  teeth,  into  which  the  catch 
No.  10.  takes;  and  being  moved  by  the  lever  attached  to  tl]^ 
upper  part  of  the  frame  G,  it  pufhes  the  wheel  No.  S.  round'; 
^nd  the  catch  No.  11.  falls  into  the  teeth  of  the  wheel>  to  pre- 
vent it  from  going  backwards  while  the  rope  rolls  in.  its  ax^e^ 
and  drags  the  logs  or  pieces  of  wood  in  at  the  door  y,  to  be  laI4 
upon  the  moveable  frames  TF,  and  carried  forward  to  the  faws  , 
to  be  cut.    The  catches  No.  10.  11.  are  eafily  thrown  out  of 
play  when  they  are  not  wanted.    The  gudgeons  in  the  fhaft^ 
rounds  of  the  cranks,  fpindles,  and  pivots,  fhould  all  turn  round 
in  cods  or  bufhes  of  brafs.     Z,  a  door  in  one  end  of  the  mill-* 
houfe  at  which  the  wood  is  conveyed  out  when  cut.     WW, 
walls  of  the  mill-houfe.  Q(^the  couples  or  framing  of  the  roof. 
XXX,  &c.  windows  to  admit  light  to  the  houfe. 

A  plan  of  this  mill  is  given  in  pi.  43.  of  Mr.  Gray's  book. 
2.  Sawmilk  for  cutting  blocks  of  {lone  are  generally,  though 
jiot  always,  moved  horizontally  :  the  horizontal  alternate  motion 
•may  be  communicated  to  one  or  more  faws,  by  means  of  a. 
rotatory  motion,  either  by  the  ufe  of  cranks,  &c.  or  in  fome  fuch 
way  as  the  following.  Let  the  horizontal  wheel  ABDC 
(fig.  3.  pi.  XX.}  drive  the  pinion  0/>N,  this  latter  carrying  a 
vertical  pin  P,  at  the  dillance  of  about  y  of  the  diameter  from 
the  centre.  This  pinion  and  pin  are  rcprefented  feparatdy  in 
No.  2.  of  fig.  3.  Let  the  frame  WSTY.  carrying  four  faws, 
;nlarked  i,  2,  3,  4,  have  wheels  V,T,W,w,  each  running  in  a 
groove  orrutj  whofe  direciion.is  parallel  to  the  propofcd 


di|»fUmi  of  the  fiivs  :  aad  let  a  tnnfvnff  grcfire  PR»  whofe 
Jeagdiis  double  the  diftance  of  the  pin  P  from  the  centre  of  the 
.pinion»jbcL  cut  ia  the  faw  frame  to  receive  that  pin.    Then*  a« 
rthcvgreac  wheel  rerohres^  It  drives  the  pinion,  and  carciei  round 
.th^  pin  P;  and  this  pin,  being  compdled  to  Aide  in  the  ftraigKt 
groove  PB.»  while  by  the  rotation  of  the  pinion  on  which  it  is 
fixed  its  dtftance  from  the  ^reat  wheel  is  conftantly  vaijing»  it 
C^vfts  tbe  i^hole  faw  frame  to  approach  to  and  recede  mm  the 
.jpeat  wheei  alternaldyy  while  the  grooves  in  which  the  wheels 
!filh  confinft  the  frame  fo  as  to  move  in  the  dire£kion  T!t,  Yv. 
Odier  blocks  of  ftone  may  be  fawn  at  the  fame  time  by  the 
motion  of  the  great  wheel,  if  other  pinions  and  frames  running 
o^  id  the  dire£A>n$  of  the  refpe£):iye  radii  £B,  EA*  £C  be 
worked  by  the  teeth  at.  the  quadrantal  points  B,  A,  ana  C. 
ibKL  the  OQntT»cy  effort?  of  thefe  fqur  frames  and  pinions  will 
tend  ta  fof ten  down  tiiA,  joUs,  ^xid  equalize  the  whole  motion.    • 
.The  £ime  contrivapccj;  of  a^  pin  fixed  at  a  fuitable  diilance 
.^am^th&ceiitie'  of  a  wheels  and  Adding  in  a  groove^  may  fcrve 
to  coctveit  a.  ceciprocati9g:  into  a  rotatory  motion  :  but  it  will 
^othc  pneferibliLto  |hoc9mmon  converfion  by  means  of  a  crank. 
3.  When  faws  are  ufed  to  cut  blocks  of  ftone  into  pieces 
liaxdng  .cylind^cal.furlaices,  a  fmall  addition  is  made  to  the 
^qpparatni.    See  figA.  8»  9.  pi.  XX>    The  faw>  indead  of  being 
•.tttowe^l  to  fall  in  H  vertical  groove  as  it  cuts  the  hlo^^.  is 
at^uihed  to  a  lever  or  beam  FG)  fufficiently  ftrong ;  this  lever 
JuM  &veral  holes  pierced  through  it,  and  fo  has  the  Vertical 
•  piece  £D^  which  is  likelvife  moveable  towards  either  fide  of 
the  frame  i&  grooves  in  the  top  and  bottom  pieces  AL»  DM. 
Thus»  the  length  KG  of  the,  radius  can  be  varied  sit  pleafurC)  to 
..  fbk  the  curvature  of  NO  1  and  as  the  faw  is  moved  to  and  fro 
hnfftaptx  machinery,  in  the  dire£iion  CB,  BC,  it  works  lower 
.  9iul  lower  into  the  block,  while,  being  confined  by  the  beam  FG^ 
.  It  aits  the  cylindrical  portion  from  the  block  P,  as  required. 
.   When  a  completely  cyUndrical  pillar  is  to  be  cut  out  of  one 
hlock  of  ftone,  the  nrft  thing  >irill  be  to  afcertain  in  the  block 
the  pofition  of  the  axis  of  ^e  cylinder ;  then  lay  the  block  fo 
that  fuch  aj^is  ihall  be  parallel  to  the  horizon,  and  let  a  cylin* 
diical  hole  of  from  one  to  two   inches   diameter  be  bored 
entirely  tbrot|gh  it.     Let  an  iron  bar,  whofe  diameter  is  rather 
left  thaii  that  of  this  tube,  be  put  through  it,  having  juft  room 
to  Aide  freely  to  and  fro  as  occafion  may  require.    Each  end  of 

-  fhis  bar  fhould  tei^ninate  in  a  fcrew,  on  which  a  nut  and  firame 
jfavf  be  laftened  ;  the  nut  frame  (hould  carry  three  flat  pieces, of 
wood  or  iron,  each  hftving  a  flit  running  aloi^  its  middle  nearly 
from  one  ciid.  to  the  other,  and. a  (crew  and  han^dle  mud  be 

-  SKia|i|i^d  to  each  .^<  *  I7  the(c  .means,  tbe  {r^a^yfo^lf,  at  e^clf 


«nd  of  the  *I»ti*  may'  tfizSSj  he  (o  adjuflfed  at  to 'tefn'^qaail 
ifefceles  or  equilateral  triangles ;  the  iron  bs^  will  coiuciSt  two 
-  '^orrefpondtng  angles  of  tfaefe  triangles,  the  £iw  to  im  ufitd*  tm 
other  corrdponding  angles^  and  another  bat  of  iron  or  olj^ood 
the  two  ren)aining  angles^  to  gttefafficient  ftrength  to  thie<^liole 
frame.  This  conftniclion,  it  is  obvious,  will  eiMible  thevtmnlp. 
men  to  place  the  &w  at  any  propofed  diftaaoe  ftomthejwie 
drilled  through  die  middle  of  the  block;  and  then,  fcyc'^i^ii^  the 
aKernating  motion  to  the  faw'  frame,  the  cylinder  nary^  ^^9^ 
be  cur  from  the  block,  as  inquired.  Hiis  m^thf^wsa  iSdt 
•  pointed  out  in  the  CoUeflionof  MaCl^es  approved  by  the Vttris 
academy.  '.  ^^ 

If  it  were  pnDpofed  to  faw  a  coni<^  frttftum  from  fiickoa 
block,  then  let  two  frames  of  wood  or  irOki  be  £i^«tQkibqfe 
pariUel  ends  of  the  Uock  which  are  intended  wooincide^wikh 
the  bafes  of  tiho  fmftum,  ciitralar  grooves  iMtngryreyiavApsmt 
in  thefe  frames  to  correfpond  with  the  cifcilnifeiraaes  >oi  the 
two  ends  of  the  propofed  fruftum  ^  the  £iw  beite Jwovkeittt 
ihefe  grooves  wiQ  manifeftly  cut  the  conic  f«t£cB  tma  tbe 
Uock.  This,  we  believe,  is  the  contrii^aiic^*'of  fo  ;Qfeesife 
Wright.  '■  .       .  1.  ..     ? 

The  beft  method  of  drilling  the  hole  thitott^  the^mjj^ictff 
die  propofed  cylinder  (team  to  be  this :  oo  U 'carriage  Tua^ing 
Upon  four  low  wheels  let  two  vertical  |riects  («ach  Ibmog^a 
hole  Juft  large  enough  to  admit  the  bovtr  to  plaf^  &eely;):tbe 
!  ifixed  two  or  three  feet  afunder,  and  fo  concrived'thoittkciptees 
wA  holes  to  receive  the  borer  may,  by  fcrews,'4i?c.  jbe  ra&dt«fr 
lowered  at  pleafure,  while  the  borer  is  prevented  from.flidikig 
to  and  fro  by  ihoulders  upon  its  bar,  which  are.  larger  than.tBe 
lioles  in  the  vertical  pie<^es,  and  whichj  as  thebover  fevqivik, 
prefs  againft  tbofe  pieces :  let  a  part  of  the  boring  hiri^qw^ain 
the  two  vertical  pieces  be  fquare,  and  a  grooved  wheeliirithtf  a 
fquare  hole  of  a  fditable  fize  be  placed  upCMi  thi«  pcittsoffile 
bar ;  then  the  rotatory  motion  may  be  givenv:to  the  bar  try  an 
endlefs  band  which  fliall  pais  over  this  grooved  wheel,  and.' a 
wheel  of  a  ntudi  larger  diameter  in  tiie  fame  plaoe^  dw^  latter  . 
wheel  being  turnM'by  a  winch  handle  in  the  ufual  way^r  As 
the  bbting  proceeds,  the  carriage  with  the  boter  may* be  bsoi^t 
nearer  and  nearer  the  block,  by  i^ers  and  :«i>«ighti^,  in  ihe 
iame  manner  as  is  defcribed  under  the  article 'A^ri/i;*^  bib* 

4*  Circular  fows,  a^lin^  not  by  a  reciprocating,  but  by  a 
rotatory^  motion,  have  been  longkho^ii  in  Holland,  wheire  they 
are  ufed  for  enttii:^  wood  vfed  m  VeftieMngi  They  were. inwo- 
duced  into  tbtsi  l^dtHiry,  'we  belk^ve^  by  ^entfral  Bcntham^  «nd 
are  now  ufed  hi  the  dock^l^x^  m  r<»rtftnoutb}  aadiHiaicw 


'  «llbef  {Haeefi :  but  lli0f  are  iiotf  af  jrct,'  ib  gKtiilrally  adopted  lat 
might  be  wfflied»  confide? ing"  how  weU  they  ara  talco]ated*to 

'  abridges  l^tboor,  and  to  accompUih  with  eipedition  and  accuracy 
what  is  very  tedious  dnd  if kfome  to  perform  in  the  iifiiai  way. 
Circular  faw6  may  be  made  to  turn  either  in  horizontal)  vertical, 

-  or  inclined,  planes ;  and  the  timber  to  be  cut  may  be  laid  upoi^ 

*  a  plane  inclined  in  any  dire£tton  ;  lb  that  it  may  be  fawn  by 
'-'lirfefi  making  any  angle  whatever,  or  at  any  propofed  diftancQ 

-  from  each  other.  When  the  faw  is  fixed  at  a  certain  an|;ley 
aitd  at  a  certain  diftance  from  the  edge  of  the  framed  all  thei 
'pieces  Wjll  be  eat  of  the  fame  6ze,  without  marking  upon-  dicm 
by  a  chalked  line,  merely  by  caufing  them  to  be  moved  alocg 
and  keepifig  dne  fide  in  conttfb  w^ith  the  fide  of  the  frame ;  for 

*  tfiim,  as  they  are  brought  one  by  one  to  touch  the  fawTcvolviog 
on  it9  aile,  and  are  preiied  upon  it,  -they  are  focm  cut  tbtoogh. 

Mp.>  Smart,  of  Ordnance 'Wharf,  Weftminfier-bridge,  ha$ 

"leve¥a)  cfircular  faw6,  alt  worked  by  a  horfe  ia  atnoderate  fized 
iwatiki:  otleof  thefe,  intended  for  cutting  and  boring  tenons  nfed 
in  <rhi«  gentleman's  hollow  mafts,  is  repvefented  in  fig.  2. 
pi.  XXVI.  -NOPQR  i»  a  follow  frame,  under  which  is  part 
of  the  wheel-work  of  the  horfe-mill. — A,  B,  D,  C,  B^  F,  are 
ptfikfys,-  ^ikr  which  pals  ftrapg  or  enMeis  bundt,  die  parts  of 

.  which  Gut  of  fight' vun  upon  the  vim  of  a  large  vertical  whed : 

by  mean»  of  thtfi^  fimple  apparatus,  the  iaws  ^,  S^  ai«  made  to 

%•  revott^  upon. their  axles  with  an  equal  velocity,  the  fiime  band 

faffing  rcmrfd  die  pulleys  D,C,  upon  thofe  axles;  and  the 

'  Yotatory 'motion  is  given  to  the  borer  G  by  the  band  paffing  over 

' .  the  pulley  A^    Ine  board  I  is  inclined  to  the  horizon  in  an 

angle  of  about  ''30  degrees  $  the  plane  of  the  faw  S'  is  panrilel  to 

<  that  of  the  boerd  I,  and  about  f  of  an  inch  diftant  from  it,  while 
the  plane  of  the  faw  8  is  vertical,  and  its  loivcft  poim  at  the 
fame  diftance  from  the  board  L  Each  piece  of  wood  K  out  of 
which  the  tenon  is  to  be  cut  is  4  inches  long^  an  inch  and  a 

<'^uavter  broad,  and  |  of  an  inch  thick.  '  One  end  of  fiich  piece 
is  laid  fo  as  to  flick  along  the  ledge  at  the  lower  part  of  the 
board  T;  and  as  it  is  paihed  cniy  by  meant  of  the  handle  H,  it  is 

'  firft  cur  by  the  faw  S',  and  immediately  after  by  the  faw  S : 

•  after  this  theother  end  is  put  toweA,  and  the  piece  is  again  cut 

•  by  both  faws:  then  the  tenon  is  applied  to  the  borer  6,  and 
as  foon  as  a  hole  is  pierced  through  it,  it  is  dropped  into  the 
box  beneath.  By  this  procefs,  at  leaft  30  tenons  may  be  com- 
pleted in  a  minute,  with  greater  accuracy  than  a  man  could 
xtaktone  in  aqu^terof  an  hour,  with  a  common  hand- faw  apd 
gimblci.  The  like  kind  of  contrivance  may,  by  fl%ht  alterations, 
be  fitted  fortmany  othtr  purpoies,  particularly  all  fudi  as  may 
isqoin  «hc  fpeedy  fawing  of  a  great  number  of  pieces  into 


•      t 


&t^»BM$^ 


•  ft&&\j  die  &me  fize  and  ihape.    A  vary  great  o^ftfiti^ 
•atiendiag  this  fort  of  machinery  is,  that^  whencince  the  ppjEitioa 

•  4)f  Hie  ftkws  and  fmrao  is  adjufted^  a  common  l^boanor'niaf  p^- 
'.  iMTfti  the  buAnefs  }uft  as  vdil  as  the  beft  workmaB* . 

'     SCAP£M£NT,  from  the  Fi^each  word  e€b0ppHnen$^  .%  tt^rm 

'«ufed-8niong  clock  and  watch-makers, to  denote  the  geo&rj^l  €aa- 

•trivamre  by  which  the  preiTure  of  the  wheQl$»   which  move 

always  in  one  dtre£lion9  and  the  reciprocating  rootiOQ  of  the 

•  ipenduium  or  balance^  are  accommodated  thejooe  no  tfaeiother. 
'When  » tooth  of  a  wheel  has  given  thcbahiice  oc  peiKiniiHli  a 
motion  in  one  dire&ion,  it  muft  quit  k,  that  it  misy  geit  tan 
impttlfion  in  the  oppodte  direfiion ;  and  it  is  this  tfcapng  of  the 
tooth  of  the  wheel  from  the  balance  or  pendulum,  or  of-  die 
latter  from  the  former,  whichever  we  pleafe  tQ  caUit»  that  has 
given  nfe  to  the  general  term.  ^ 

From  the  nature  of  a  pendulum^  it  follows,  thatit.nQ9d  otily 
-  to  be  removed  from  the  vertical,  and  then  let  go,  in.  ofdv  to 
>  vibrate  and  meafure  time.  .  Hence  it  might  foem  that  n<tthmg 

•  is  wanted  bat  a  machinery  fo  conne&cd  with  the  pendulum  as 

'  y^  keep  a  regifter,  as  it  were,  of  the  vibi!ation«    Jt  couM  n4ife:.be 

difficult  to  contrive  a  method  of  doing  this ;  but  move  is  wanted : 

the  air  rniift  be  diffrfaced  by  the  pendulum.    Thia  jre^ircs 

.  fome  Jforoe,  and  muft  therefore  employ  fomr  part  of  >he 
Aioinentum  of  the  pendulum*  The  pivot  on  which  it  £«ri]|gs 
occafions  fri&ioiH— the  thread,  or  thin  piece  of  metal  by  whiah 

--  it  is  hung,  in  order  to  avoid  this  frii£iion,  occafions  iome  ex« 
pendicsire  of  force  by  its  want  of  perfedl  flexibilityor  ^teftidty. 
Thefe,  and  other  caii£e8,  make  the  vibrations  grow  jnore.and 
more  narrow  bv  degrees,  till  at  laft  the  pendulum  is  biKH%bl^to 
reft.  We  mufl:,  of  courfe,  have  a  conttivance  in  thf  wbeelwefik 
which  will  reftore  to  the  pendulum  the  fmall  ^portion  of  force 
wbkh  it  loles  in  every  vibration^  The  a£iion'osf  the^hoeis 
therefore  may  be  called  a  maifitainmg  power^  beoaufe  it  keeps  up 
the  vibrations.  Bat  this  may  zSeGt  the  regular ilif^of  vibratiMi. 
If  k  be  fuppofed  that  the  aAion  of  gnnriey  renders  all  .the  vi-. 
brations  ifoehronous,  we  moft  grant  that  the  additional  impuAfon 
by  the  wheels  will  deftnoy  that  ifochronifiaiy  unlefa  it  be*  fo 
applied  that  the  fum  total  of  this  impuUion  and  the  foro&of 
gravity  may  vary  fo  with  the  fituation'of .  the  pendulum  as  Ail! 

"to  give  a  feries  of  forces,  or  a  law  of  variation,  perfafUy  iimHar 
to  that  of  gravity.    This  cannot  be  c|Fd6ied^  unlefs  we  know 

'  beth  the  law  which  regulates  the  a&ion  of  gtnVity,  producing 
ifochronifm  of  vibration,  and  the  intenfity  of  dbe  force  to  be  de- 
rived froii^  Ih^  wheels  in^evei^y  fit  nation  of  the  pendulum*  ' 
Thus  it  appears  that  cooliderable  fcientifii;  ikiU  as  V^eU  as 

•  vnechanicaMngennity  naayfae  difjpiayed  in  t|pir  cooftrn^Upn  #f 


Tcapements ;  ^ni  the  judilciouar  confideraiioii  of  iKcih 
of  gteat  iinportance  to  the  artift  t  yet,  notwxthftanding  tfaisi  no 
^ttiatefial  impfovemem  was  made  in  them  from  the  firft  appU- 
cation  of  the  pendcdum  to  clocks  t3l  the  days  of  Mr.  Gebi^ 
'Graham ;  nothing  more  was  attempted  before  his  time  than  tb 
apply  the  impulfe  of  the  fwing-wfaeel,  in  fueh  manner  as  was 
attend^  with  tho  lead:  frifHon,  and  woald  give  the  greatelt 
tnotloH  to  the  pendolnm.    Dr.  Halley  difcovered,  by  fome 
expernsients  made  at  the  Royai  Obfcrvatory  at  Greenwich, 
'tbiif  by  adding  more  weight  to  the  pendulum,  it  was  made  to 
'Vibrate'  larger  arcs,  and  the  xlock  went  fafter ;  by  diminHhmg 
fH^  weight  of  the  pendiitom,  the  vibrations  became  fliorter,  and 
the  etdck  ^ent  flower:  the  refult  of  thcfe  experiments  being 
dfametricalljf  oppofite  to  what  ought  to  be  expeded  from  the 
ffaeiory  of  toe  pendulum,  probably  firft  roufed'the  attention  #f 
)Mr.'  Graham,  who  was  not  only  ikilbil  in  praAice,  but  had 
much  mathematical  knowledge,'  and  was  weU  qualified  to 
•xathine'  the  fabje£l  fcientificaUy :  he  foon  made  fucb  further 
trials  as  convinced  him,  that  this  feeming  paradox  was  occi- 
'fidned'by  the'  retrograde  motion,  which  was  given  to  the  fwing- 
'  wh^d  by^  tvtrj  conftrudiipti  of  fcapement  that  was  at  that  time 
in  ttfej,  and*  his  great  fagacity  foon  produced  a  remedy  for  this 
itfeSt,  by  conftrufting  a  fcapement  which  prevented  all  recml 
of  the '.wheels^,  afid  reftored  to  the- clock  pendulum,  wh^Qy  in 
theorVy  atid  nearly  in  pradice,'  all  its  natural  properties  in  its 
M^tacaed  fihipte  ftate.  This  fcapement,  witli  a  few  others  of  the 
moft  approved  confbuQion,  will  now  be  briefly  defcribed. 
'     !•  The  fcapement  which  has  been  in  ufe  for  clocks  and 
watches  tv'tr  nnce  theirfbrft  appearance  in  Europe  is  extremely 
iimple ;'  an4  it^  mode  of  operation  i?  too  obvious  to  need  mu(^ 
explanation.    In  fig.  i.  pi.  XXIX.  XY  reprefents  a  horizontal 
axisy .  to  which  the  pendulum  P  is  attached  by  a  flender  rod,  Or 
otberwife.    This  -axis  has  two  leaves  C  and  D  attached^  one 
Hear  each  end,  and  not  iii  the  fame  plane,  but  fo  that  when  tde 
pendulum  hangs  perpendicularly,  and  at  reft,  the  piece  C  in- 
clines a  few  degrees  to  the  right  Hand,  and.D  as  much  to  the 
left.    Tbey  comm6iily  make  an  angle  of  from  70  to  90  de- 
grees.: they  are  called  by  the  name  of  pallet t,     AFB  reprefents 
'a  wheel  turning  round  on  a  perpendicular  axis  EO,  in  the  order 
of  th^  letters  AFEB.     The  teedi  of  this  wheel  are  cut  into  the 
form  of  the  teeth  of  a  fiw,  leaning  forward,  in  the  direction  of 
the  motion  of  the  rim.    As  they  lome^at  tefem^Ie  the  points 
of  to  oId*falhioned  royal  diadem,  this  wheel  hafS  got  the  naikie 
of  Uie  crovjn-wheeL    In  watche^  it  is. often  called  the  htUfitf" 
'wheel    The  number  of  the  teeth  is  generally  odd  \  fo  thgt  wh« 
one  of  them  B  is  preilkig  <m  a  jfiailet  JD^  tht  'oppofite  pallet  C  is 


>in  tlie  fpace  between  two  teeth  A  and  I.    The  figtnrc  vppresfipti 
the  pendulum  tt  the  extremity  of  its  excuriion  to  die  right  Kand^ 
the  tooth  A  having  juitefcaped  from  the  pallet  C>  and  the  tooth 
B  haying  juft  dropped  on  the  pallet  D-    It  is  plain^  that  as  the 
pendulum  now  moves  over  to  the  leF^  in  the  arch  PQ,  the 
tooth  B  continues  to  prefs  on  the  pallet  D,  and  thus  accelerate^ 
•the  pendulum,  both  during  its  defcent  along  the  arch  FH,  an^ 
its  afcent  along  the  arch  HG.     It  is  no  Icfs  evident^  x^i^t  wh^H 
the  pallet  D,  by  turning  round  the  axis  XY,  raifcs^its  point 
above  the  plane  of  the  wheel,  the  tooth  Befcapes.  from  it>  smd.I 
drops  on  the  pallet  C,  which  is  now  nearly  perpendicular.    % 
prefles  C  to  the  right,,  and  accelerates  the  motion  o|*  the  pei|- 
dulum  along  th&arch  GP.    Nothing  can  be  niore  obviQUS  tha|i 
this  action  of  the  wheel  in  maintaining  the  vibrations  of  the 
pendulum.     We  can  eaiily  perceive^  alfo^  that  when  the  pen- 
dulum is  hanging  perpendicularly  in,  the  line  XH,  the  tooth 
B|  by  prefling  on  the  pallet  D,  will  force  the  penduluni  ^  llttte 
way  to  the  left  of  the  perpendicular,  and  will  force  it  fo  .Qiuch 
the  further  as  the  pendulum  is  lighter  \  and,  if  it  be  fufficientlj 
light,  it  will  be  forced  fo  far  from  the.  perpendicular  that  t^ 
tooth  fi  willefcape,  and  then  I  will  catgn  on  C>  and  force  the 
pendulum  back  to  P,  where  the  whole  operation  will  be  re* 
peated*   The  fame  effect  will  be  produced  in  4  more  remarkatle 
\  de^ee,  if  the  rod  of  the  pendulum  be  continued  throu^  tho 
.  axis  XY,  and  a  ball  Q  put  on  the  other  end  to  bilanq^  P/  Ao^t 
indeed,  this  is  the  contrivance  wbich  was  fitft  ^plied  to  clpck| 
all  over  Europe,  before  the  application  of  the  pendulum.  They 
were  balance  clocks.     The  force  of  the  wheel  was.  of  »cettaui 
magnitude,  and  therefore  able»  during. its /i^ction  011  a  p^Uetj  to 
communicate  a  certain  quantity  of  aiot^io^n  a^d  velocity  to  the 
balls  of  the  balance.    When  the, tooth  B  e^apes  from'  the  pal- 
let Dj  the  balls  are  then  moving,  w^  a  certain  yetbcity  and 
momentum.    In  .this  condition,  (he  balance  is  ^eck^  by  the 
tooth  I  catching  on  the  pallet  C.   ,But  it  ^  not'in(l;^ntty  ilon* 
ped.    It  continues  its  motion  a  litt]e  to,  th^  le.ft,^  a}id  the  pallet 
C  forces  the  tooth  I  a  little  backward*  But  it  cannot  force  it  fe 
far  as  to  efcape  over  the  top  of  the  tootl^  I  \  pecaufe  alpine  Sfi^ 
mentum  of  the  balance  was  generated  by  the  force  of  Aic  tootli 
B  9  and  the  tooth  I  is  equally  powerful.  Befides,  wnen  I  catclies 
^fi^  C|  and  C  continues  its  motion  to  the  left,  iu  lower  poiht 
,  apphes  to  the  face  of  the  tooth  I,  whic^h  pow  acts  on  the  b^. 
.  lapce  by  a  long  and  powerful  levers  and  foon  ftops  it^  furthet 
^ ^notion  in  that  direction.}  iindnQw^  continuing  to  prefs  on  (^  it 
-<|irges  the  balance  in  the  oppofite  direction.    Thus  w6  fee^th^ 
M^  ^  (capement  gf.  this  kind  the  motion  of  the  wheel  lAllft  Se 
yer^  ^gjbhlii^  W^^e^al,  making  a  grcut  ftep  fbrwfird^  ahd 
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j^fliort  (l^p  backward,  at  every  beat.  This  has  occaConed  th^ 
contrivance  to  get  the  name  of  the  recoilltig  fcapement^  or  the 
fcapemcnt  ofrecoiL 

In  this  fcapement  the  vibrations  are  quicker  than  if  the  ba«- 
lance  or  pendulum  vibrated  freely :  for  the  recoil  fhortcns  the 
;ifcending  part  of  the  vibration,  by  contrafting  the  extent  of  the 
9XC^  and  the  re-a£lion  of  the  wheel  accelerates  the  defcending 
part  of  the  vibration.  In  this  fcapement,  too,  if  the  maintain^ 
jng  power  be  incrcafqd,  the  vibrations  will  be  performed. in 
larger  arcs,  but  in  lefs  time :  becaufe  the  greater  prefTure  of 
{he  crown-wheel  on  the  pallet  will  caufe  the  balance  to  vibrate 
dirough  larger  arches  ;  and  the  time  will  be  lefs  increafed  on 
this  account  than  it  will  be  diminifhed  by  the  acceleration  that 
preiTure  gives  to  the  balance  and  the  diminution  of  the  time  of 
recoil. 

2.  The  preceding  (capement  not  being  well  adapted  to  fuch 
vibrations  as  are  performed  through  arcs  of  a  few  decrees  only, 
another  conftruflion  has  been  made  which  has  been  in  conilaut 
vfe  for  about  a  century  in  clocks^  with  a  long  pendulum  beating 
ieconds.  In  fig.  2.  AB  reprefents  a  vertical  wheel  called  the 
fwing-whecl,  having  thirty  teeth.  CD  reprefents  a  pair  of  pal- 
lets connected  together,  and  moveable  in  conjunction  with  the 
jiendulum.on  the  centre  or  axis  F.  One  tooth  of  the  wheels 
%s  (hewn  in  the  figure,  refts  on  the  inclined  furface  of  ;the  mner 
pzxt  oF  the  pallet  C  *,  on  which  its  difpofition  to  Aide  tends  to 
|hrow  the  point  of  the  pallet  further  from  the  centre  of  the 
^wheel,  and  confequently  aiTifts  the  vibration  in  that  diredlion. 
.While  the,pallet  C  moves  outwards  and  the  wheel  advances,  the 
|X)int  of  the  pallet  D  of  courfe  approaclies  towards  the  centre 
in  the  opening  between  the  two  nearefl:  teeth ;  and  when  tlie 
a&ing  tooth  of  the  wheel  flips  off,  or  efcapes  from  the  pallet 
C,  another  tooth  on  the  qppofite  fide  immediately  falls  on  the 
icxterfor  inclined  face  of  D,  and  by  a  fimilar  operation  tends  to 
pufh  that  pallet  from  the  centre.  The  returning  vibration  is 
thus  afiifted  by  the  wheel,  while  the  pallet  C  moves  towards 
the  centre,  and  receives  the  fucceeding  tooth  of  the  wheel,  after 
the  efcape  from  the  point  of  D.  Thus  may  the  alternation  be 
conceived  to  go  on  without  limit. 

In  this  fcapement,  as  well  as  the  former>  the  vibrating  part 
ifi  conftamly  under  the  influence  of  the  maintaining  power,  ex- 
xept  during  the  interval  of  the  drop,  or  a<3ual  efcape  of  the 
wheel  from  one  pallet  to  the  other.  One  principal  recommenda- 
tion of  this  fcapement  feems  to  have  been  the  facility  with  which 
it  affords  an  index  for  feconds  in  the  face  of  the  clock.  Though 
the  pendulum,  according  to  this  conflruftion,  is  conftantly 
connected  with  the  maintaining  power  in  a  clock,  yet  the  va- 
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fiatlons  of  that  power  have  not  the  fame  mifchievous  effcft  as  in, 
a  watch,  became  the  momentum  of  the  pendulum,  compared 
with  the  impulfe  of  the  maintaining  power,  is  prodigioufly 
grater  in  the  former  of  thefc  inftruments.  A  very  con  Gd era ble 
change  in  the  maintaining  power  of  a  clock  with  a  long  pen- 
dulum will  only  caufe  a  variation  of  a  few  feconds  in  the  daily 
race. 

3.  Mn  Graham's  fcapement,  already  fpoken  of,  was  a  confi- 
derable  improvement  upon  that  juft  defcribed.*  He  took  otf 
part  pf  the  flope  furtheil  from  the  points  of  the  pallets  \  and  in- 
ftead  of  that  part  he  formed  a  circular  or  cylindrical  face,having^ 
its  axis  in  the  centre  of  motion.  Pallets  of  this  kind  are  fliewn 
at  the  lower  part  of  fig,  2."at  E  and  G,  having  H  for  their  centre 
or  axis.  A  tooth  of  the  wheel  is  feen  refting  upon  the  circular 
inner  furface  of  the  pallet  G,  which  therefore  is  not  afFefted  by 
the  wheel,  excepting  fo  far  as  its  motion,  ariffng  from  any  other 
caufe,  may  be  aiFe£led  by  the  fri£bion  of  the  tooth ;  and  this  re« 
ii (lance  is  exceedingly  minute,  not  amounting  to  one-eighth  of 
the  preiTure  onithe  arch.  Nay,  we  think  it  appears  from  the 
experiments  of  Coulomb,  that,  in  the  cafe  of  fuch  mjnute 
prefTures  on  a  furface  covered  with  oil,  there  is  no  fenGble  re- 
tardation analogous  to  that  produced  by  friflion,  and  that  what 
retardation  weobferve  arifes  entirely  from  the  clamminefs  of  the 
oil.  If  the  vibration  of  the  pendulum  be  fuppofed  to  carry  G 
outwards,  the  ilope  furface  will  be  brought  to  the  point  of  the 
tooth,  which  will  Aide  along  it,  and  urge  the  pallet  outwards 
during  this  Aiding  afiion.  When  the  tooth  has  fallen  from  the . 
point  of  this  pallet,  an  oppofite  tooth  will  be  received  on  th^ 
circular  furface  of  E,  and  will  not  afFe£i  the  variation,  excepting 
when  the  (lope  furface  of  £  is  carried  out  fo  as  to  fufFcr  the 
tooth  to  Aide  along  it.  This  contrivance  is  known  by  the  namd 
of  the  dead  beaty  the  dead Jcapeinent ;  becaufe  the  feconds  index» 
(lands  dill  after  each  drop,  whereas  the  index  of  a  clock  with  a 
recoiling  fcapement  is  always  in  motion,  hobbling  backward  and. 
forward. 

In  this  fcapement,  an  Increafe  of  the  maintaining  power  ren-* 
ders  the  vibrations  larger  and  flower  :  becaufe  the  greater, 
prefTure  of  the  tootli  on  the  edge  of  the  pallet  throws  it  round 
through  a  greater  arch  \  and  its  increafed  pre(rure  on  both  fur* 
faces  of  the  pallet  retards  its  motion. 

4.  The.  effect  of  the  fcapement  which  has  been  called  ho- 
rizontal, becaufe  the  lad  wheel  in  watches  of  this  con{tru<Elion< 
has  its  plane  .parallel  to. the  red  of  the  fydem,  is  fimilar  to  that 
of  the  dead-beat  fcapement  of  Graham.  In  fig.  5^  the  ho^ 
rizontal  wheel  is  feen  with  twelve  teeth,  upon  each  of  which  is 
fixed  a  fmall  wedge  fupported  above  the  plane  of  the  wheel,  as 
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aM7  lie  4m  sf  tbe  fetters  A  tod  B.  Qo  the  ime  «f  tlie  bl* 
Unce  thdre  is  fixed  part  of  a  hoDow  cylinder  of  fteel  or  other- 
hand  ddalicrialy  the  imagitiary  axis  pf  which  pafles  through  lh<s 
pivots  of  the  vcrjje.  C  rcprcfents  this  cyliodrical  piece,  into 
nrfaich  the  verge  D  may  be  fttp(>ofed  to  have  fallen.  While  the 
^braftion  caofes  the  cylindrical  piece  to  revolve  in  the  dire£bioa 
vhicb  carries  its  anterior  edge  towards  the  axis  of  the  wheels 
Ik  point  of  the  wedge  will  merely  nib  the  internal  furface^afid 
noocherwife  zBeSt  the  vibration  of  the  balance  than  by  retarding 
ks  motion. .  But  when  tlie  return  of  the  vibration  clears  the  cylin- 
der of  lhi»  point  of  the  wedge,  D|  the  wheel  will  advance,  and  tb^ 
H^pc  fin^aCB  of  the  wedge  a£ting  againft  the  edge  of  the  cylindier 
^1  ztMt  the  vibration  of  the  babuice.  When  the  edge  of  th^ 
cylinder  arrives  at  the  outer,  point  of  eke  wedge  0»  its  pofterior 
«dge  muft,  arrive  at  the  pofition  denoted  by  the  dotted  Uoerof 
continuStioB ;« immediately  after  whicji  the  wedge  or  tooth  E 
Mrill  arrite  at  the  pofition  i,  and  reft  on  the  outer  furfece  of  4ie 
cylrnderj  where  it  wilt  produce  no  other  efFed  than  that  of  xe» 
fardation  from  fn&ion,  as  was  remarked  with  re|(ard  to  the 
^wedge  D»  until  the  courfe  of  the  ribration  {hall  bring  the  jfo>^ 
fterior.  edp)e  of  the  cylinder  clear  of  the  point  of  the  w^gc.  Iff 
this,  laft  fituation»  the  wedge  will  ad  on  the  edge  of  the  cylis* 
der>  and  allift  the  vibration,  as  in  the  former  cafe,  tintil  that 
edge  fhall  arrive  at  the  outer  or  pofterior  point  of  the  v(redge$ 
iinmediaUily  afte^  which  the  leading  point  tt^ill  faU  on  the 
inner  furfacc  of  the  cylinder  in  the  iirft  pofition>  as  «^as  fiibwn 
-in  the  wiedge  D. 

Horizontal  watches  were  greatly  efteemed  durhig  the  laft 
thirty  years,  until  lately,  when  they  gate  place  to  thofe  coflt- 
(tru^ions  which  are  known  by  the  name  of  detached  or  free 
fcnpements.  In  the  common  fcapement,  fig.  I,  an  increafe  of 
rthc  maintaining  power  increafes  the  recoiI>  and  accelerates  the 
iribratlons:  but  with  the  horizontal  ficap^ment  there  is  no  t9^ 
coil ;  and  an  increafe  of  the  maintaining  power,  though.it  may 
enlarge  the  arc  of  .vibration^  irill  not  necefiariiy  dsmtniflt  or 
alter  the  t^me.  It  is  accordingly  found,  that  the  experiment  of 
.altering  the  maintaining  power  by  the  application  of  the  key 
does  not  alter  the  rate  in  the  lame  perceptible  manner  as  in 
coiiimon  watchesii 

5.  JPig.  6»  fcprefents  the  free  fcapement  of  oitr  b^  portable^ 
jtme^pTcoet.  fig.  4^  pjchibits  the  fcapemeot  on  a  large  fcale. 
Qa  the  irerge  of  the  balance  is  6xcd  a  circular  piece  of  hipphire, 
-  ^nof  h^  ftoal^  EL,  put  of  which  a  fedoral  piece  is  cut«  HG  ii 
;^  J^ight  fprbg  fixed  near  its-extremity  H,  and  having  at  the 
-#di$if:cx«)remity  a  pinfG,  agamid  whi^h  one  of  the  teeth  of  the 
;^;1vhnftl'Q  jrfifid:whea'the  tcai  rcftv.  Thit.C|nringiffif  a  flight 
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ftbp  K  from  thrdiwin|  the  )>!n  further  inwards  than  juft  to  xesmk 
tht  point  of  the  toom.  I  is  a  very  flender  fpring  iuted  sfr  die  end 
I»  and  prefling  rery  ilightly  againft  the  pin  G^in  a  dtrtAiontetid^ 
ing  to  throw  it  from  the  wheel  D,  but  iRrfaicfa  on  account  of  the  . 
greater  power  of  HG  it  cannot  efie£b.    It  may  be  obtenrBd  that 
the  fpring  I  proceeds  a  little  beyond  the  pin  G.-^F  b  a  leycr  pro^ 
deeding  ttoaa  the  verge  of  the  balance  direAiv  oppofitethe  end 
of  die  fprnig  I,  and  long  enough  to  fl?rike  tt  in  its  vibration^ 
The  a£bion  is  as  follows : — ^From  t^e  preffare  of  the  main  fpsiog 
the  wheel  (fig.  4.)  is  urged  from  D  towards  F,  but  is  prevented 
from  movine  by  the  pin  G.    Let  the  balance  be  aaade  co  v&. 
brate,  and  the  lerer  F  will  move  through  Ae  arc  F/j,  ftrike  the 
inner  extremity  of  the  ^ring  I^  and  difplace  the  pin  G.    At 
this  inftant  the  face  £,  which  may  be  called  the  pallet,  wiH 
have  anived  at  the  pofition  e^  againft  whidi  the  tooth  of  the 
wheel  will  fall,  and  communicate  its  imp^fe  throuj^  about 
15''  or  16^  of  the  vibradon.    But  F  quits  the  fpring  I  fooUfcr 
thftn  the  wheel  quits  the  pallet  £,  andconfequently  the  pin  G 
will  have  relumed  to  its  firft  ftation  before  the  wheel  can  have 
advanced  a  whole  tooth,  and  the  fpring  or  detent  HG  will  re- 
^V9^  the  wheel  as  befote,  immediate^  after  its  efcape  from  the 
pallet.    The  returning  vibration  of  the  balance  will  be  made 
with  the  piece  EL  perl^ly  at  liberty  between  two  teeth  of  the 
wheel,  as  in  the  (ketch,  and  the  back  ftroke  of  the  lever  F 
againft  the  tender  fprjing  I  will  have  no  efFeA  whatever  on  the 
in  G;  this  fpring  being  like  the  back  fpring  of  the  jacks  of  the" 
arpfichord,  active  iii  one  dire£bton  only.  The  third  vibration  of 
the  balance  will  unlock  the  detent  as  before  9  the  impulfe  will 
again  be  given,  and  the  whold  procefs  will  be  repeated :  and  in 
this  manner,  the  balance,  though  it  may  vibrate  through  the 
greateft  part  of  the  entire  circle,  will  be  entirely  free  of  the 
works,  except  during  th«  very  fmaii  time  of  the  drop  of  die 
wheel. 

It  is  hardly  neceffitry  to  make  any  remark  on  this  fcapement. 
It  requires  little  or  no  oil ;  and  when  all  the  parts,  particular^ 
the  piendulum  fpring,  are  duly  adjufted,  it  is  found  that  a  very 
great  variation  m  the  firft  mover  will  remaikaUy  alter  the  arc  of 
vibration  without  affedJiing  the  rate.     The  piece  EL  mieht  have 
xonfifted  of  a  fingle  pallet  or  arm,  Inflead  of  a  portion  or  a  circle 
or  cylinder  $  but  fucn  a  piece  would  have  been  rather  lefs  eonv^ 
.nient  to  make  in  fspphire,  or  ruby^  as  in  the  beft  timC'-piaees, 
i  and  would  alfo  have  been*  lefs  ufeful.    For  if  by  any  accident  jbr 
*^ock  the  pih  G  jihould  be  dii^laced  for  an  inftant,  -^  wheel 
t)  will  not  run  4owny  beoaufe  it  will  be  cauebt  upon  the«ir-^ 
4^hi  furiace  of  EL.  ^  lifts  indeed  vefy  eaff  tS-oUnve^dbm  the* 
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piece  KL  WonH  cperare  "without  the  defcfc,  t!iotigti  witti  itiucti 
friftion  during  the  time  of  repofe.  The  tooth  of  tihe  wheel 
would  in  that  C'.\Cc  reft  upon  its  circular  face. 

6.  In  the  two  !aft  fcapements  we  have  fcen  the  variable  effects 
of  the  maintaining  power  almoft  entirely  removed,  as  far  as  can 
be  praftically  difcerned.      Fig.   7,  exhibits  the  fcapement  pf 
Mudge ;  in  which  the  balance  is  perfeftly  detached  from  the 
train  of  wheels,  except  during  the  extremely  fhort  interval  of 
ih*i|cin^  out  the  pnrts  which   ferve   the  purpofe   of  detents* 
ONEBOjs  the  circumference  of  the  balance,  vibratino;  by  the 
aQiori  01  a  fpiral  fpring  as  ufual  on  its  axis  CA  DH  paffing 
throiigTithe  centre  C:  the  axis  is  bent  hito  a  cranl,  AaYD, 
to  makeTT>om  for  the  other  work.     LM,  ZW,  are  two  rods 
fixed  to  the  crank  at  the  points  L  and  Z,  parallel  to  XY. 
cdefrs  are  fixed  parts  of  the  machine.    TR  is  an  axis  con- 
centric with  that  of  the  balance,  and  carrying  an  arm  G  0  nearly 
at  nghf  angles  to  it,  and  a  fmall  auxiliary  fpring  r/,  which  is' 
wound  up  whenever  the  arm  G  0  is  moved  in  the  direction  0  h. 
/  is  a  curved  pallet  fixed  to  the  axis  TR,  which  receives  the 
tooth  of  the  balance  wheel  near  the  axis.    The  tooth,  proceed- 
ing '.tfong  the  curved  furface,  by  the  force  of  the  main  fpring 
turns  the  axis  and  its  arm  G  Oy  and  winds  up  the  fpring  u,     A 
fmall  projefiion  at  the  extremity  of  the  curved  furface  of  tlie 
pallet^  prevents  the  further  progrefs  of  the  tooth,  when  the  arm 
fi  G  has  been  turned  through  an  arc  oh,  of  about  27* ;  and  con- 
fequently  the  fpting  u  has  been  wound  up  through  the  fame  angle 
pr  arc,  oGh  ^  27°.— FS  is  another,  axis  exaftly  fimiUr  to 
TR.     It  carries  its  arm  I  Oj  and  fpring  v,  and  the  tooth  of  the 
balance-wheel  Im  winds  up  the  fpring  v,  by  ailing  on  the  pal- 
let q, '  and  is  detained  by  a  projeftion,  after  having  carried  it 
through  an  angle  of  27%  exactly  as  in  the  former  cafe.     The 
arcs  i^afTed  through  by  the  arms  G  0  and  I ,?,  and*  marked  in 
the  fiflfure,  are  alfo  denoted  by  the  fame  letters  on  the  rim  of 
the  balance. 

The  effircl  of  this  fcapement  may  be  thus  explained :  let  the  ba- 
lance be  i'n  the  quiefccnt  ftate,  the  main  fpring  being  unwound, 
and  the  branch  or  crank  in  thepofltion  rcprefented  in  the  figure- 
If  thctjuiefcent  points  of  the  auxiliary  fprings  coincide  with  that 
of  thebafance-fpring,  the  arm  G  0  will  juft  touch  the  rod  LM,aiid 
in  like  manner  the  arm  1 0  will  juft  touch  the  rod  W  Z  j  the  two 
srms  G  0  and  I  tj  ih  this  pofirion  are  parallel  to  the  line  CO.  This 
pofitictn  of  the-tralancc  and  auxiliary  fprings  renaatns  as  long  as 
the  mlltt  (l^ing*  of  thcYnachine  continues  unwound;  but  when- 
ever Ae  a6Vion  of  the  main  fpring  fets  the  balance- vi^hecl  in 
inctioS,-  a  ttxJth  thereof  meeting  with  one  of  other  of  the  pallets 
|r-or  y,  -will  wmd  up  ono  of  the  auxiliary  fprings :  fuppoft  il^ 


\.  • 


Muigir  icapinmif^  S37 

(koiiid  be  the  fpnng  If «  Jlie  arm  G^  being  cankd  into  tfMpo* 
fii(Hi|i>  Gi»  bjr  Uie  force  of  tbe  balahce-«rHeel  ading  on  the  foln 
left  /f  r^oains  in  dat  pofition  as  long  as  die  too&  of  the  ba** 
bMice-whedl  oontmiies  locked  by  the  pnajeftkNivl  tbe  estremitf 
oC  the  pallet/ ;  and  the  balance  itfelf  not?  being  at  all  afie^leit 
by  tbe  motioo  of  the  arm  G  0,  iior  bjr  the  winding  vp  of  the 
(p]un^  Wi  remains  in  its  quiefcent  pofition :  confequentlf  no  vi^ 
bralion  can  take  place,  except  b^  the  affiftance  of  uHne  external 
force  to  (et  the  balance  in  motion.  Suppofe  an  impulfe  to  be 
gk^n  Sufficient  to  carry  it  through  die  femi^arc  OB^  which  ia 
wout  135*  inMr.  Mudge's  conftniAion.  ' 

The  balance,  daring  this  modon,  catfies  widi  it  die  crjndr 
AXTD,  and  die  affixed  rods  LM,  ZW.    When  the  balance 
iuis  defcHbed  an  angle  of  about  ^7"*  ^  the  uigle  ^  G  £|  or  0  GA^ 
t^  rod  LM  meets  mjth  the  arm  GH9  and  by  turning  the  ms^ 
TR»  und  the  pallet  p  in  the  direction  of  the  are  »^,  releafetthe 
tooth  of  the  balance*wheel  fronv  the  projediion  at  the  extremttj 
<^  the  pallet/ :. die  balance-wheel  immediately  rerohes,  and 
the  lower  tooth  meeting  with  the  pallet  91  winds- up  the  auxi« 
liary  Spring  v,  and  carries  the  arm  \o  with  a  circular  mocioii' 
d^ttgh  the  angle  ^\k^  about  27%  in  which  pofidon  the  am' 
I^  remains  as  long'  as  tbe  tooth  of  the  balance-awheel  is  locked 
by  the  pallet  ;•    While  the  fpring  v  is  winding  up  througb  the  * 
avc  #.i,  the^balance  defi^ribes  die  remaining  part  of  the  femi*arc 
£fi».  and  during  this  modon  the  rod  LM  carries  round  the  arni 
Q\  caufing  it  to  defcribe  an  anglle  h  CB,  or  ^  GB,  which  is 
meafurcd  by  the^an:  J&B  lac  lo8^    When  the  balance  has  ar* 
riredat  the. extremity  of  the  iemi-arc  OB  a  135^,  the  auxiliary 
fpripg  u  will  have  been  wound  up  through  the  fame  angle  o€ 
1 3P%  that  is  to  fay,  27%  by  the  force  of  the  matn-fpring  a&ing 
o«the  pallet /»  and  108^  by  the  balance  itfelf,  carrying. along  ' 
widi  it  the  arm  G^^  or  G ^9  while  it  defcribes  thearc  h B.  The 
babtnccL  therefore  retumsdifough  the  arc  BO,  by  the  joint  adion 
of^thebaianceirpring  and  the  auxiliary  fpring  u\  the  acceleria-  ' 
tion  of  bpjdi  fptiflfs'ceafing  the  inftant  the  balance arrhres  at  the 
q^ie{cent  polat  0^    When  the  balance  has  prbceeded  in  it^  vi«  f 
boation  about  i:f  beyond  the  point  0>  to  the  pofidon  Ci,  the 
ro4  Z.W(  meets.with  the  arm  1  h^  and  by  canyixig  it  forward  re«  . 
leafia8..die.kooth  of  the  balance- wheel  from  the  pallet  q^  *  The 
balance*>wfaeel  aooordingry  revolres,  and  the  upper  tgodi  meeting  > 
wilh  the  pallet' ^- winds  up*  the  auxiliary  iprii^  ir  as  before* 
Tbf'balance  with  the  crank  proceeding  to -defcribe  the  remain* 
ing*femi^arc  i(£> -winds-  up  die  fpring  v  through*  the  futthjsr.  * 
ai^  i/bE  :ai  iq8%*  and.  returns  through  the  ftmi-arc  £99  by 
die  joint  adiQp  of  the  balance-fpring  aod^tb^r  auxiUary  Ipri^g 
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V,  both  of  which  ceafe  to  accelerate  the  balance  the  ixiftant  it 
lla^  sMrriyed  at  O. 

It  may  be  remarked^  ia  this  curious  fctpemerit,  that  the  lOo* 
tkinof  f^  bah^ce  in  its  femi-vibration  mm  the  point  of  qiiti* 
etf^^ncc  1$  oppofed  through  an  arc  of  no  mote  than  to8}  but  ia 
acc^evatcd  in  its  retmm  through  the  whole  arc  of  13^%  and 
that  the  difTerence  is  what  maintains  the  vibrations }  and  more- 
oyjtn$  that  the  force  from  the  wheel  being  exerted  to  wixld  up 
each  auxiliary  fpring  during  the  time  it  is  totally  difengaged 
from  the  balance,  tUs  laft  organ  cannot  be  eiFeAed  by  its  irre- 
guUmieSy  except  fo,  far  as  they  may  render  it  mons  difficult 
to  difeogage  the  rim  of  the  pallet  from  the  tooth.  The  balance 
d^f(pril>«S  an  anc  of  about  S""  during  this  difengagement. 

Count  Bruhl,  in  his  pamphlet  <*  On  die  InveftigalSon  of 
Agronomical  Circles,"  after  defcribing  Mudge's  Icapement^ 
proceeds  thus :  ^'  By  what  has  been  faid,  it  is  eiddent,  that 
w^bat^er  inequality  there  may  be  in  the  power  derived  from 
the  /nain  fpring  (provided  the  latter  be  fufficieut  to  wind  up 
tlvpfe  little  paUet-fprings)i  it  can  never  interfere  with  the  regu- 
lafityof  the  balance's  motion,  but  at  the  inftant  of  unlocbng 
the  pallets,  which  is  fo  inflantaneous  an  operation,  and  the  re- 
iiilance  fo  exceedingly  fmall,  that  it  cannot  poffibly  amoupt  to 
any  fcnfible  error.  The  removal  of  this  great  obftade  was  cer- 
t^iinly  never  fo  efie^lually  done  by  any  other  contrivatice,  :ind 
deferves  thehigheft  commendation,  as  a  probable  means  to  per* 
fe£l  a  portable  machine  that  will  meafure  time  correAly.  But 
this  is  not  the  only,  nor  indeed  the  principal,  advantage  "Which 
this  time-keeper  wlpoflefs  over  any  odier ;  for,  as  it  is  im- 
poiBble  to  reduce  fri&ion  to  fo  fmall  a  quantity  as  not  to  2SeSt 
the.  piotion  of  a  balance,  the  confequence  of  which  is,  that  it 
defcribes  fometimes  greater  and  fometimes  fmaller  arcs,  it  be- 
came ^eceiTary  to  thuik  of  fome  method  by  which  the  balance 
might,  be  brought  to  4efcribe  thofe  different  arcs  in  die  fame 
tii^e.  If  a  b^^nce  could  be  made  to  vibrate  widiout  fric- 
tion or  refiftance.  from  the  medium  in  which  it  moves,  the 
mere  expandipg.and  contra£bing  of  the  pendulum^fpring  would 
probably  .pi!oduce  the  fo  much  wiihed  for  efi«ct,  as  its  force  is 
fuppofed  to  be.  proportional  to  the  arcs  defcr3>ed  i  but  as  there 
is  no  inachioe  void  of  fridaon,  aiid  as  from  that  caufe,  die  ve« 
lodty  of  every  balance  decreafes  more  rapifiy  than  ^e  fpaces 
eonfi  thmigh  decreafcy  this '  inequality  oould  only  be  removed 
by  a  force  ading  on  the  balance,  which  aflumiiig  difib^nt  ra» 
tios  in  itjs  diflecent  flages,  could  counterbalance  trat  inecpiallty. 
This,  verv  jnateriai  and  important  vemcdy,  Mr.  Mudge  has 
efl^£tjed.  hf  the  eonftrvSjon  erf  bis-  feapement ;  for  his  pallet^ 
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^rings  luving  a  force  capable  of  being  increafed  alinoft  crt  pie 
fixr^  at  the  commencement  of  cverj  vibratidn,  die  proportion 
in  their  difiiei:eht  degrees  of  tendon  may  be  altered  tiD  it  an« 
fwers  the  intended  purpofe.  This  ihewB  how  efiedually  Mr; 
Mudge's  fcapemexilt  removes  the  two  greateft  difficultiee  ihat^ 
have  hitherto  baffled  the  attempts  of  every  other  artift>  naniely^ 
the  iQe()ualities  of  the  po^iver  derived  firom  the  main  fpring,  and 
the  irregnlarities  arifing  from  fri&ion>  and  the  variable  refill-^ 
anpe  of  the  medium  in  which  the  balance  moves*" 

.  7*  Fig.  8»  is  the  iketch  of  an  adaptation  of  Modge's  fcap6« 
ment  to  a  clock.    LM  ia  a  part  of 'the  periphery  of  the  wheel. ' 
GA,  GB,  are  two  arms  feparately  moveable  on  the  (ante  axis» 
and  tetminating  in  the  pallets  A^  B.    Thefe  pallets  have  in- 
clined faces^  with  a  claw  or  detent  at  the  lower  part  of  each. 
GOi  IO»  are  tails  proceeding  from  each  pallet-pieoe  refeec^ . 
tively>  and  the  dark  ipot  at  N  reprefents  a  pin  proceeding  mm, 
the  pendulum  rod^  and  capable  of  moving  either  of  the  taib  ad^; 
cordupg  to  the  courfe  of  the  vibration.    The  dotted  circles  u 
and  tf  reprefent  weights  which  are  ftuck  upon  two  pin^i  and- 
may  be  changed  for  others,  greater  or  fmaller,  until  the  moft 
foitable  quantity  is  found.    Suppofe  the  wheel  to  be'  iliged 
%      from  L  towards  My  and  the  p^dulum  made  to  vibrate  by^±^ 
temal  impuUe*    The  pm  N  proceeding  towards  L  Will  ftrike 
the,  tail  GO,  raife  the  pallet  A»  and  fet  die  wheel  at  liberfy: 
which  Hiding  along  the  inner  furface  of  the  pallet  B,  will  raife ; 
it,  and  ftop  againft  the  claw  at  its  lower  end.    lO  ^ill  confe- 
qnently  be  carried  into  the  pofition  IP  ;  and  the  pallet  A  in  its 
return  will  be  oppoGte  a  vacancy,  which  will  permit  the  tail 
GO  to  follow  the  pin  N  as  far  as  the  peipendicular  fituatidn»  ,- 
The  pendulum  will  therefore  be  affifted  by  the  weights  tbrougli 
a  longer  arc  in  its  defcent,  than  it  was  impeded  by  it  id  Iti^' 
afcent.    In  the  oppofite  femi<>vibration  toward  M,  fhe'pfent*  * 
dulum  will  proceed  uQoppof<^  by  t^,  while  it  pafles  thi'ouglt^'  * 
the  angle  OlP,  when  it  will,  naifc  B,  and  permit  the  whei^  td    - 
eleyate  the  pallet  A.    In  the  motion  on  this  fide  of  the  perpeiK  ^ 
dicular,  it  is  alfo  clear  that  the  defcent  vnli  he  more  affifted   '« 
diaip  the  afcent  was  impeded.     Whence  it  fi^Uows,  that  the  ' 
clock  will  continue  to  go';  and  no  vaiiation  of  the  fofce  of  the 
wheel  LM,  which  xaifcs  the  pallets  in  the  ab&nce  of  the  pen^ 

I  diilum,  will  ^StSt  the  vibration,  except  ib  far  as  it  ma)F  aflbrd  ft 

I  vanable  refiftance  at  the  detent  or  chr(r« 

sr  Mr.  Mudge  hat  alfo  pven  another  detached  ibvpetheM* 
which  he  recommend^  for  pocket'^watdiea,  and  esi^ted  en« 
tirely  to  his  fatisfadion  in  one  made  for  the  queen.    A  dead* 

\  beat  pendulum  fcapement  is  interpofed  between  the  wheels 

and  the  bahnce*    The  crutchJEDF  (fig.  3.)  has  a  third  ai^vi 
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DG  ftanding  outwards  from  the  meetliig  ^^4}f  ^^'^^^^W^  ^^4 
rf  twice  their  length;;  this/^m  tptimn^^^^  AQft. 

Tftc  tcrgc  y  has.a  pallet  (?,  which,  when, all is^at.^^  HLOftlds 
nijid  between  the  points  A,  T^i  oF  the,  fork.    Bu J,  the  wh^l,  by 
iti  a'afon  on  the  pallet  £^  torces^thc  fpjt  in^o  die  gofitjpp  ^^A 
tBe  Wint  A  of  'the  forlc  being  npw  ^«^re  B^was  bexprf^ju^ 
toochiiig  the  cylindrical  furface  of  t|ie,\ergp,    ll^e  fcapen^nt 
oF.tKe  CTiitcn  £DF  13  not  accurately  a  (iead-be^t^(capfi$ent|bu^ 
has  a  very  fmafl  recoil  beyond  tjicj  angle  of  impulfiqp.    By,  t})^ 
circunxftance  the  branch  A  (how  at  B)  Unmade,  to  jprefsmoft 
geftlly'on  the  cylinder,  and  keeps  the  wl^el  lockedlf  ^'^^iii^.^ 
.  Wtlaricfe  is  poirig  round  in  th^]  dlrciiion  fili  ^\  The  ppin^  ^get^  a^ 
motidn^frotn  A  to  B  by  mea^s  of  a  notch  in  the  cylUi^i^rt.wjbifji^ 
tttfhsTOUnd  it'  the  fame  tinie  6y  the  aftion  o?.t£e  w^ 
oii  the  pallet  C\  but  A  does  not  t9uch  the. cylinder,  4nrv>g  tji*^ 
iflS'tior/,  the  notch  lefaving  free  room  for  its  P?fl^g^..    n»b.en,db^ 
bSTatice  returns  from  its  excurHonji  the  pallet  C  ftfikf^s  .enth^e 
branch  A  (ftill  at  B)^  and  unlocks  the  wheel.   't^s^i\o>y  a^lng 
eft  t!he  critch-pallet  F,  caufes  the  branch  i  of  th^.fork  tp/qjlq^. 
tfie  paflet  C,  and  give  it  a  ftrong  fmpulfc  in  the  dlr^£3tipn  ,in . 
>^cK  it  Is  the  A  nidving,  caufing  fiie  balance  ^tq^  make  i.^fem^- 
Tfbratlbh'in  tiie  direftion  AHB.  "The  fork  is  now.  in  &iqfir 
tuation  A  ^  tf,  (imilar  to  B ^  ^>.and  the  wheel  is  again  lo^kefign . 
tHe  trutch'i.pallet  E/ '*' 

'  The  intelligent  reader  will  admit  this  to  be  a.y^rj  ftea^X  ?q4.' 
effeftlve  fcapement.    Tfhc  lockage  of  the  wheel  is  p^opured  iij  a . 
very  Inrjeniou^  manner  \  and  the  fruSUon  on  the  cylm<}^j,  nc^ . 
c^ftafy  for  effefting  this,  maybe  made  as  fniaU  as^  w;;?  j>kafc| 
notwithftanding  a  very  Ttrong  a£lion*^of  the^ wheel;  for  the> 
preflurc  of  the  fork  on  tlie  cylinder  depends  entirel?  on  the  dc- 
gfte  6f  tecoU  that  is  formed  on  the  pallets  %  and  F^    Pr^ffure^ 
vh  'the  Cylinder  is  not  indifpcnfably  neceifary,  aqd  tt]^  crutch* 
fcapement  might  be  a  re;[l  dead -beat.    But  a  finaU  recoU,  by , 
kcesp^ng/flife  fbrk  in  contad  with  ^the  cylinder,  gives  .tl^  ^moft  i 
pirfefft  fteadinefs  to  the  motion.    The  ingeniquf;  inyent(>By,  a  ^ 
ni;in  of  ipj)rbved  integrity  and  judgment,  declares  tl\at  |ier  ma-, 
jefty's  watfch  was  the  bell  pocket-watch  he  ha^ever  fee%.;  Wfi  , 
are  not'difpoled  to  queftion  Its  excellency. 

'9.  Anotner  fcapement,^  in  which  a  ^on&dq^Ue  degj^  of  ifi^w 
genuitY  is  united  with  comparative  Cmjplicity  is  that  .of  Mfr  De  j 
Llfbn's*  *  l*he  inventor's  dcfcr'^tioii,  and  fome  of  hi^  obforfHr.  • 
tions,  as^refented  to  the  Society  of  Arts,  areas  follows:; 

'•*^  Although  the  giving'w  equal  Impulfe  to.  the  bajan^^e  hat. 
been  already  inqH  ingenioujDly  done  by  Mr.  M^4g?.j?'V^-Mr» 
Hale^  (ftpm*  whole 'grept  merit  1  wbijld  not  wiflv^tp.detrafyb 
yet  the  es^trc^e  di$GuIty,and  exgenq^e^  j^^^  4 
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tbi  Tcrj  'compoond  loclcing  of  the  feconiiy  render  them  far  from 
cbinpieting  tfi'c  dpfircd  objeiSi.  ...       ...» 

'*  The  ^rfediions  and  advantages  arifing.froTn  yny  iisfsraTe- 
thiiits  od  me  remontbire  detached  fcapement  (or  cbrQiiQpiete9r% 
which  giye^  a  perfe£ilf  eqtial  iQipuIfe  to  ^be  bglaupe^  an^  not 
^nty  entirely  removes  whatever  irregularities  arife  from  thf^  di^ 
ferent  ftates  pf  fluidity  in  the  oil,  uom  the  train  of  whe^»  or 
firom  die  inaih  lpriiig»  but  does,  it  ii\  a  fimpler  way  d^ananjr 
with  which  I  am  acquainted.  I  truft  it.wjil  not  be.  thijflight 
improper  m  me  tbaniwer  tome  ohjections.nv^dc  at  tlie  eKtoisDut^ 
tions  before  the  committee,,  a^  I  ap  fully  pqrfiiauied  the  more 
MatKemaficaliy  and  critically  the  iippi^ovementa  are  inveftigatcd^ 
tne  iiiorc  perfect  Aev  will  prpye  to  be,  .  !  ..  ^  . . 

*^  It  vi^s  fir  (I  oDierved,  that  my  n^ethod.did.  not  fo  com^ 
nletely  detach  the  train  of  wheals  fropa .  the.balance.4s  another 
icapeni^ht  then  referred  to.  I  b^g  J[^ave  to  remark^  that  the 
ffaui  of  wheels  in  mine  is  prevented  irom  pf;€;fiing  againft  th^ 
lodging,  by  the  whcfle  power  of  the  r^moi^toire-fpring;  Jp  that 
ihe  balance  has  only  to  remove  thfr.fopiall  remakung  radSki^ 
which  fibes  away  that  objection,.  an(l .^Ub  that  pf  tbejoiiadvaa- 
|a^e  of  detents,  as  this  locking  may  hc^.CQmjpar^d  to  a  light  b^^ 
I^nce'tufmng  on  niiepivotf,  without  a  pendulum-fpring.;  vi4 
^s'only  me  advantage  of  bapki^g.  j^fe^  at  twq  turns  of  the  ha- 
lance,  and  ot  beinglirmeri  and  lef^  liable.  |o  be  out jcu  .r^pa^r 
than  ^hy  Ibctdng  wh^e  fpring^wprk  i|  ufed,  but  likewiie.of 
unlocking  with  much  lefs  power. — It  .was  tb^o  obferved,.it 
requtrednibre  power  to  make  it  go  than  ufual..  Permit  me 
to  fay^  it  require^  no  more  .power  than  any  cdxer  remontoir^ 
fcapement^jif  the'  power  i^  applied  in  the  moft  mecha^cal 
manner  pomble.— And,  laftly,  it  was  (aid,  tha(  it  fet  9r\.re^ 
quiitd  the  balance  to  vibrate  an  unufually  |arge  frdh.  before 
the'  pfece  ^^oulH  go*  'tliis  depend^  on  the  .accuricY  of.  the 
execution,  the  propoMonate  diameter  and  weighty  ot. the  )xa» 
lance,  the  ftrength  ^^  the  remontoire-fpring,  and  .die.  lengik 
o^  thf  pallels.  If  thefe  pircumftances  are  well  atl£nded>.tD,  it 
'  will  (et  but  little  more  than  the  molt  generally' detached  idcape- 
ment^,'* 

A^  (hews  the  fcape-wheel,  pi.  XXIX.,    . 

o^  thfe  Ifver-pallet,  on  an  arbor  with  fine  pivots,  having  at  the 
Ibwei'  end 

C,  the  rembntonre'or  fpiral  fpring'£xed  with  a  eolhr  and  (tud^ 
as>ndulum.fprincs  are! . 

jb,  the  pallet,  of  the  verge,  having  .a  rcdier  turning  in  imaU 
pvbts  for  the  lever-pallet  tg  apt  a^inft. 

fi.  Pallets  tb  difcnarge  the  locking*,  with  a  roUcr  between,  as 
in  fig.  xo. 
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T|.  the^arm  of  the  locklng-pallet  continued  at  thje  ipf}ier^€nd  to 

',' jcpat^e  it  poi£e,  having  ftuds  and  fcrcws  to  adjuft  and  banl:  t^ 
quantity  of  motion-  .  ;. 

af  and  ^»  the  locking-pallets,  being  portions  of  circles,  faften^d 
Oil  an  arbor  tummg  on  fine  pivots. 

Gf  the  triple  fork,  at  the  end  of  the  arm  of  the  locking 

.  pallets  ^  "' ; 

.  The  centre  of  the  lever-paltet  in  the  draft,  is  in  a  rij?ht  line  be- 
t^e^  die  centre  of  the  fcape- wheel  and  the  centre  of  the  verge, 
dtough  in  the  model  it  is  not :  but  may  be  made  fo  or  not^  as  belt 
imts  the  calliper,  &c. 

,^  The  fcape-wh^el  A,  with  the  tooth  i,  is  actin?  oa  the 
tevtrrpallM  B,  and  has  wound  up  the  fpring  C*:  the  verge- 
|iallet  I)  (turning  the  way  reprefcnted  by  the  arrow)  the  4np- 

.ment  it  comes  within  the  reach  of  the  lever  paltet^  the  dif- 
chaigtng  pallet  E,  taking  hold  of  one  prone  of  the  fork^  removes 
the  arm  F,  and  relieves  the  tooth  3  from  the  convex  part  of  die 
Ipckia.  The  wheel  goes  forward  a  little,  juft  fuSitient  to  per- 
mit the  lever- pallet  to  pafs,  while  the  othier  end  gives  the  im- 
pulfe  tQ  the  balance :  the  tooth  4  of  the  wheel'is  then  locked  on 

;  iii/t  concave  fide  of  the  lock  t,  and  the  levet-pall^t  is  ftopj^d 
^gainit  the  tooth  5,  as  in  fig.  11.  So  far  the  operatioti  of  |^ivmg 
the  impulfC)  in  order  again  to  wind  the  remontoire-fpritig  (the 
other  pallet  at  £,  in  the  return,  removing  the  arm  r  the  cod- 
trary  direction),  relieves  the  tooth  3  firom  the  lock  i.  The 
Vhcel  again  goes  forward,  almoft  the  whole  (pace,  firom  ttx>th 
to  tooth,  winds  the  fpiral  fpring  again,  and  comes  into  the  fitu^- 
tionof  ^g*  I,  and  thus  the  whole  performance  is  completed. 
The  end  of  the  lower  pallet  B  reftjng  oh  the  point  of  the  toodi 
1,  prevents  the  wheel  exerting  its  full  force  on  the  lock  /},  as 
in  ng.  I*  The  fame  efiect  is  produced  by  the  pallet  lying  on 
the  tooth  5,  by  preventing  the  wheel  from  preffing  on  ii  zhd 

^  thus  the  lodging  becomes  the  tighteft  pofiible.  This  icape- 
.ment  may  be  much  fimplified  by  putting  a  fpring  with  a  nauet 
snade  in  it,  as  in  fig.  12,  inftead  of  the  lever-pallet,  and  roiral- 
fpring.  The  operation  will  be  in  other  reipects  eitactly  tlie 
fame,  avoiding  the  friction  of  the  pivots  of  the  lever-paOet. 
This  method  I  prefer  for  a  piece  to  be  in  a  ftate  of  reft,  as  a 
clock  J  but  the  difadvantage,  from  the  weight  of  the  fpring  !h 
difTereiji^  pofitions,  is  obvious.  The  locking  may  be  on  any  two 
teeth  of  the  wheel,  as  may  be  found  mod  convenient.** 

Many  other  ingenious  Icapements  have  been  contrived  by 

.  Harrifon,  Hindleyi  Ellicot,  Lepaute,  Lc  Roy,^Berthbud,  Ar- 
nold, Whiethurft,  Eamfh'aw,  Nicholfon,  &c.  But  defcflptlona 
of  them  would  extend  this  article  to  mucli  too  greit'aletigtK* 
t7^t  Inhere  collated  wUli  we  trullj  fuhu&'fome  !n£gtit  ^to 
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the  natuif<i  V  a  few  of  the  iwofl:  approvecf  fcapefnintsj  and 
Chofe  who  need  further  information  will  do  well  to  cohfult  fbme 
of  the  beft  treatifes  mentioned  in  the  general  catalogue  given 
tinder  the  word  CLOCKWORK. 

Archimbdbs's  screw,  or  the  ff^terfninf^  h  a  machine  Tfbr 
r^kifing  water,  which  confifts  either  of  a  pipe  wound  foirally 
round  a  cylinderi  or  of  one  or  more  fjpiral  excavations  IFormed 
by  means  of  fpiral  projedions  from  an  internal  cyfinder,  covered 
hj  an  external  coating,  fo  as  to  be  watertight.  This  (crew  is 
ene  of  the  moft  anaent^  and  at  the  fame  time  mgefiioui},  ma- 
chines we  know,  b«ng^truly  worthy  of  th^  name  it  bears',  fiip- 
pofing  Archimedes  to  l>e  the  real  inventor.  HibugK  )nnplc  in 
Its  general  manner  of  operation,  its  theory  is  attj^nded  V^Sth  i&ine 
difficulties  which  could  only  be  con<}uered  by  thrmbd'em 
.  analvfis :  it  was  firft  ftated  corredHy,  as  far  as  V^  nave  Been  able 
to  aicertain,  by  M.  PHoi^  in  the  Ademoires  de  PJlcademti  R^le 
dfs  Sciences,  and  afterwards  more  elaborately  by  EuUr  iti  Nov* 
Comment*  PetroppL  torn.  5.  Later  attempts  oy  JLanj^sdorf  ih'his 
Handbuch  der  Mafchinenlehre^  and  fome  other  authors,  are  not  to 
be  refied  on«  That  the  nature  of  this  curious  machine  may  he 
the  better  underftood,  we  (hall  firft  ftate  generally  its  manner  of 
operation;  and  then  prefent  a  more  particular  view  of  the  cal- 
culus neceiTary  to  (hew  the  work  it  will  really  perform,  and  the 
force  required  as  a  (irft  mover. 

I.  If  we  conceive  that  a  flexible  tube  is  rolled  regularly  about 
a  cylinder  from  one  end  to  another^  this  tube  or  canal  will  be 
a  fcrew  or  fpiral,  of  which  we  fuppofe  the  intervals  of  the  (bires 
or  threads  to  be  equal.  The  cylinder  being  placed  witn  its 
axis  in  a  vertical  pofitlon,  if  we  put  in  at  the  upper  end  of  the 
(piral  tube  a  fmall  ball  of  heavy  matter,  which  may  move  freely, 
it  is  certain  that  it  will  follow  all  the  turnings  of  the  fcrew  from 
the  top  to  the  bottom  of  the  cylinder,  defcending  always  as  it 
would  have  done  had  it  fallen  in  a  right  line  along  the  axis  of 
the  cylinder,  only  it  would  occupy  more  time  in  running  through 
the  fpiral.  If  tne  cylinder  were  placed  with  its  axis  horizon- 
tally, and  we  a^ain  put  the  ball  into  one  openine  of  the  canal,  it 
will  defcend,  following  the  diredion  of  the  firft  demi-fpire; 
but  when  it  arrives  at  the  loweft  point  in  this  portion  ot  the 
tube  it  will  ftop.  It  muft  be  remarked  that,  though  its  heayi- 
nefs  has  no  other  tendency  than  to  make  it  defcend  in  the  demi- 
fpire,  the  objKque  pofition  of  the  tube,  with  refpe^l  to  the 
I^riaon,  is  ^e  caufe  that  the  ball,  by  always  defcending,. is 
always  advancing  from  the  extremity  ot  the  cylinder  whence  it 
'commenced,  its  motion,  to  the  other  extremity.  It  is  imppflil^Ie 
that  the  bait  cs^i  0ver  ^dvance  more  towards  the  furtlien  bir,as  * 
we  (hall  call  it,  the  Jicorid  extremity  tt  the  cylin^^,  u  &e 
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.5  -  ^    "        '  ' 

2 Under  placed  horizon  tally  remains  always  ^inu^Mvedtk^  bpt 
^ ,  when  ^fae  ball  U  amTed  M  the  bottom  of  die  fic^  daau^^pi^ 
Ve  caufe  the  cylinder  to  turn  on  its  axt$  .without  cfiaiifMig^'dw 
pofition  of  that  azlsi  and  in  fuch  manner  tbs^  ^  lofwirfl  fomt 
of  the  demi-fpire  on  which  the  baUpreflcshecomea  ele^ed» 
then  the  ball  falls  neceSarily  from  tlua  point  upon  that  wVidi 
fucceedsy  and  which  becomes  loweil;  ^nd  Cace  this  (eow) 
point  b .  more  advanced  towards  the  fecond  extremity  of  the 
cylinder  than  the  foi^ner  was»  therefore  hy  this  new-d^^ent  tlie 
bfill  win  be  advanced  towards  that  extremity v  and  fo  on  throuf^^ 
out»  in  fuch  a  nutmer  that  it  will  at  length  arrsre  at  the  ifscw4 
extremity  by  always  defcending^  the  cylinder  having  its  rotatoty 
motion  cpntinued*  MoreoVer^.the  ball>  by  conftan^y  (opowiog 
its  teiviency  todofcend,  has  advanced  through  a  »gbt  iiac  eqiM 
to  the  axis  of  the  cvUnder^  and  this  diilance  is  hvrizonibal  lie- 
Caufe  the  fides  of  tne  cylinder  wibre  placed  faorizootdly» '  Qui 
U  the  cylinder  had  been  placed  o^ique  to  theiuarizoOf  <and  ^wo 
fuppofe  it  to  be  turned  on.  its  axis  always  in  the  f^une  cU^teOJoiiV 
It  is  eafy  to  fee  that  if  the  BA  quarter  aJF  a  fpire  ^sBtuMf  de^ 
jcends,  the  ball  will  move  from  the  lower  end  of  the  fpiral  tub^ 
and  ,bQ  carried  folely  by  gravity  to  the  loveft  point  pf  the  6i9^ 
demi-fpire^  where^as-in  the  preceding  cafe,  it  will  l^e  abandoned 
by  this  poi^t  as  It  is  elevated^  by  the  rotation^  and  t^own  by  its 
lieaviineis  upon  that  .which  has  taken  its  place:  whea^ey  as  this^ 
fucceedihe  point  id  further  advanced  towasds  the  fecond  ex-^ 
tremity  of  the  cylinder^  than  that  which  the  ball  occupied  ji^ 
before,  and  coiifequently  more  elevated;  therefore  the  heUi 
while  following  its  tendency  to  defcend  by  its  heavineis,  will  be 
always  more  an4  niore  elevated  by  virtue  of  the  lotation  of  the 
cylinder*  Thus.it  .will,  after  a  certain  number  of  tums>  be  ad* 
vanced  from. one  extremity  of  the  tube  to  the' ether,  or  cbrough 
the  wh(^e  length  of  the  cylinder;  but  it  will  ooiy  beiaiiod 
through  the  vertical  height  determined  by  tbeobliquity  of  the 
pofition  of  the  cylinder. 

inftead  of  the  ball  let  us  now  confider  water  as  entering  by  th^ 
lower  extremity  of  the  fpiral  canal,  when  immerfed  in*a  r^ervoir;' 
this  water  defeends  at  firft  in  the  canal  folely  hf  its  gravity^ 
but  the  cylinder  being  turned,  the  water  mores^  on  in  the  oaml 
to  occupy  the  loweft  place;  and  thus  hy  the  contifiual  re^tatioii 
is  mada  to  iMlvance  rnrther  and.  further  in  the  fpirat,  till  a% 
}ength  it  is  r^if^d  to  tbs  upper  ei^tremity  of  the  cwd.whene  il^ 
is  expelled*    There  is,  howevcfi  an  eflendal  difference  betweei^ 

Ss  w;;it^r  and  the  ball:  for  the  watery  by  reaion  of  .its  fluidify^' 
.  :er  Wing  defcended  by  its  heavinels  to«  the*  loweft  ^ntH 
th^  demi*(pire,  rifes  up  on  the  contrary  4ide  to  the  ocigkuilr 
kvdi  on^^aoobiinti^oi^  U)4Qlia)f  ompfj^         pay  (b«()^ 


%9t  fiied  m^  CheViiid.  This  is  an'  important  particubrj  whicl^ 
tHol^it^n^eS  not  be  regarded  in  a  popular  ilmftration,  muft  ^ 
'ittoMod  tain  the  Wore  particular  ^iSxhibUion  o£  the  tbeofy  ta 
^^ich  wc*  now  proceed.  * 

.  %\  The  nooft  iifaipte  netihod  of  tracing  a  fcrew  or  ^  heQi: 
upon  a  cjlinder  is  well  ^nbwn  to  be  this:  take  the  height  or 
kfigth  of  a  t^linder  for  me  Mz  of  a  right-angled  triaiigie,  an4 
ipBomt  the  odier  leg  equai  to  ai  many  times  the  circumference 
ti  the  bbfe  of  the  eyU^ei,  as  the  fcrew  is  to  make  coavolutioni 
•boat  thfe  cylinder  itfel^  thtn  if  this  triangle  be  enveloped 
aboot  th^  fiirfacd  of  the  folid,  the  two  legs  being  made,  the 
'<Mieto  lie  parallel  td  the  acis  of  the  cylinder,  the  other  to  foil 
•pon  the  circumfereiice  cF  its  bafe,  nie  hypothenufe  will  form 
^r  c<ftitour  of  the  fcrew  $uppbfe  therefore  here;  that  upoi| 
Ac  <^liDdcr  ABCD(fig.A  pi.  XXIV.)  >e  have  rolled  the 
^ht-angled  triangle  BDi^  and  that  its  hypothenufe  D  E  traciai 
Mfon  i£t  cylinder  the  coitour  of  the  helix  or  the  fpires  BP, 
■  ^H,  &c.  Fheh  if  a  tubebe  formed  according  to  the  dire£tioa 
of  tktg  fpiral)  and 'a  finall  mlT  put  into  it,  if  the  cylinder  wer9 
pla<  e^  upright,  the  baQ  wmld  roll  to  the  bottom  with  the  fam^ 
Wldtjr  and  the  fanlte  forcf,  as  it  would  have  defcended  upoa 
the  pikie  D£,  if  BE  were  )OTi2ontal  and  BD  vertical.  But  i| 
the  cylinder  be  inclined  uitU  it  tnakes  with  the  vertical  CL  ais 
angle  ACL  equal  to  thfe  anele  IBED,  or  the  angle  which  th« 
threads  of  the  fcrew  make  conftandv  with  the  bafe  of  the 
cryUnder,  in  that  cafe  DEvill  be  parallel  to  the  horizon;  and 
whetbiet  the  l^ires  be  fewer'  many,  they  will  all  be  parallel  to* 
tbe'hiori2(Mi:  fo  that  there  betn^  nothing  to  bccafion  the  ball  F^ 
to  Vnove  toward  either  G'cr  H^  it  will  remain  immoveable,  fup-' 
pofing  the  cylinder  to  be  it  reft:  but  if  the  cylinder  be  turned^ 
im  its  axb  in  one  dire&iot,  the  ball  (abftra^img  from  fridlion}^ 
will  movb  the  contrary  wa^  in  conformity  with  the  firit  law  of 
SMtiM. 

3.  The  inclination  ACL=  BED  whioh  we  have  juft  aflign** 
ed,  is  the  lesitt  we  cUn  give,fo  that  the  ball  (hall  not  defcend  of. 
stfelf:  but  if  we*atigment  his  inclinatiotl/or,  make  the,  angle, 
I4AC  fmallet,  then  \yf  tuning  Ae  cylinder  in  the  direSion 
CMD,  the  bail  wiU  always  lave  a  defcent  on'  the  iide  toward^ 
Ifi'and  will  monnt,  fo  to  fp&k,  by  defcending.    The  reafon  is 
veiy  fimple!  thi plant  which varrtet  it  rffaiis  it  Hfifmore  inconfi^'.^ 
fuenee  rftht  rotatwy  fnotion,  iian  it  difcmds  by  virtue  of  the  force  of^ 


•  4.  TSierc  are  feveral  methtds  of  dctermrarng  the  ratio  of  the  ^ 
w«i^t  off  Ae  bill  P  to  the  force  F,  neceffiiy  to  make  \t  rife  bj'] 
(UHdng  the  fcrew;    Tte  TcHlbwh^g  is  peYliaps  the  molt  fimple  { 
^  iorve  or  power  U  to^  weight  ^crate<l|  as  tfij?' vertical ' 
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/jpace  pafled  ortr  by  the  wei?ht^  is  la  tie  foacc  paftd  thrmi^h  bf 
'  ibe^wer  in  movlfie  It/   Here  the  fsrtxcal  fpacc  is  CL,  and  if 
the  moving  force  ace  at  the  circumference  of  the  cylinder^  the 
4p«^  pa£^  ov'«r  by  A^t  force  will  te  equal.ta  at  many  tuMbt 
the  circamference  of  the  cylinder's  baje,  as  there  ate  conTolo- 
tions  of  the  helix:  thus  we  (hall  haTe^  :  CL  : :  P  :  F; 
'    Example.  Let  the  diameter  AB  of  he  cylinder  be  14  indie^ 
the  vertical  altitude  CL  s?  12  fectq  144  inches^  and  12  t)|e 
conToltttiohs  of  the  fpira},  the  cylindor  being  fo  placed  that  the 
Mg^e  LAG  is  le&  than  &£D^  the  waght. to.be: raifed  being-^ 
48  lb.  ball.    TheQ  the  circumference  of  the  cylinder  vrill  be 
nearly  44-  }ttches>  «nd  the  ^i  <fams  equal- to  ii  x  44  ^  fi9 
=  BE.    Hence  we  have  528  :  ^44  :fP  :F  : :  48r13j.Ibs.dfe 
loeafure  of  the  requifit^  mcc  at.  tk  fiirface  of  the  t^Under. 
If  the'  moving  force  deferibe  a  irirek wh<)fe  diameter  is  3  dmies 
(hat  of  the  cylinder,  or  a£^  at  a  wincli  who£e  diftance  from  the 
axis  of  motion  is  21  inches,  that  fore  will  then  be  reduced  to  j. 
«if  137  or  4^  lbs*  which  is  lefs  that  -nr  of  the  weight  of  the 
lialt..  The  ffi^ion  upon  t)ic  piTcts^&c*  oj  not  here  cmCdiBidd. 
Thus  it  appears  that  Archimede's  fcrew  may  be  ufed  for 
other  puipofesthan  raifing  of  wstter.  It  nii^ht  be  adapted  xxrith 
advatitage  in  laifihg  cannon  balls  fr*m  a  ttiip  to  a  wharf:  and 
with  the  addition  of  a  bevel- wheel  or  two  and  tfaeir  ^fttmon^ 
might  be  worked  either  by  men  or  hoifes. 

5.  The  helix  folded  about  a  cylioLcc  is  a  curve  fimibriniaB 
its  parts;  that  is,  all  the  demi-fpircs^  as  AIC^  CR,  RS,  are 
fimslarand  equal;  it  is  alfo  the  iame  d  the  thirds,  the  fouttfat, 
&c.  of  the  fpires,  and  generally  of  all  .he  equal  portions  of  tht 
curve.  But  when  the  cylinder  is  incined,  if  we  refer  all  the 
points  of  a  demi-fpire,  fuch  as  AIC,by  perpendiculars,  to  the 
horizontal  fe£lion  .of  the  cylinder  (riucli  fe&ion.is  eUipfeioi^ 
though  reprefented  in  fig.  7.  pi.  XXT/.  by  a  right  line  AD  to 
prevent  confufion  in  the  dia^am),  wi  fhaU  find  that  this  demj*- 
i^tre  ha^,  with  regard  to  uie  horiz»htal  plane  AB,  a  higheft 
pcHnt  £,.  a  loweft  point  ^V  ^nd  a  mfan*  point  L  In  older  tp 
become  acquainted  with  the  tScQt  of  the  fcrew  in  raifing  water, 
it  is  important  to  determine ^efe  dike >point8u/  -    -    » 

6.  The  mean  point  I  is  a  point  of  inflection  very  eaiV  to 
determine.  To  this  end  pift  the  diaiiet^  AB  tat  2  ti  ^e4afl^ 
cbcfimfereiiee  AMB  t±  r,  the  abfdflb'  AP- :»  x^the  iadetfcf^ 
minate  arc  AM  x=  1,  the  ordinate  HE  <yf  the  fpiral  sa  y^  aad 
thfeheight  BC  of  a  detni-fyire^  xr  b.i  Hatu^i  Mht  wettiay  cbo- 
fidertbe  demi-lbire  AK^  as  having  bam  ferteied  by  the  hy)|MH 
thenufe  of  a  right-angled  triangle,  «ne  leg  of  which  iv^qiiaiMi 
:ih9  Iklf-cif cunrference  AMB,  and  the  other  e^kl  to  die  Bi^ 
"BC^ wcliseve  this  piepottioni  AMJI.t  St  n  AM rMS^or  c \ 8 
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m^  }i\  nrheiiCC}  i=  IS^  the  fluxion  of  wMch  U  s  => 

_        -         •  ^* 


—  *» 


^*j 


afittt  bv  die  aatuvr  of  the  circle  /  ss  m  t     ,  ■  ,■  ■  ;  Ib*duft 

..   '^^    _,^  ss  -^ .    mierefore^  followmg  die  ufual  methoA 

ibr  jpomtis  of  inflexion^  by  taking  the  fecond  ffnxions  and  {l^ 

'  *  •  • 

^pofing  »  Gonftant,  wc  hare  -7^7577-1?)   =*  ^    =«*  -e,  whidi 

iglves  ;c  ^  r,  and  indicates  that  the  point  of  inflexion  I  is  in^lie 
oaiddle  of  the  demi-fpirc  AlC- 

^  ;7.  To  find  the  higneft  and  loweft  points  £»  E',  In  addition  to 
,.t}ie  ciu^raflera  before  ufedf  put  BD.  2=  ii^  and  AC  ;=if:  w^ 

Jiave  from  the  foregoing  article  —  =  ji>and  the  limllar  trianj^ 


MU^  APF|  gi«e  AB  :  BD  : :  AP  :  PF,  or  2  r  :  0  : :  x  *. 


=  PF.  Therefore  EF  =  PE  -  PF  =  -  -  4^}  rorEnceie 
4ionfider  PM  as  perpendicular  to  PE,  it  follows  that  M£  anl 
K  will  be  equal,  and  confequentlj  P£  s  '^.  The  fimilar  tii- 
angles  ABD,  EFG,  give  AD  :  AB  : :  EF  :  EG>  or,  /:  a  r : : 
^  ".  •^•:  ^-~  -  -2i  =  EG.    This  value  of  UG  ought  ^ 

^  a  mmximumf  ita  fluxion,  therefore,  that  is, " — ^  -•  -^^ss  ou 

But  from  Ac  nature  of  the  circle  wc  have  s  ^  —- -j. 

jSkibftituting  for  i^  the  preceding  equation  this  vahie  of  il^ 

and  reducing,  wc  loon  find  m  ^  r  ±,  -^   ia^^*  —  4  *♦  #*• 

Of  thej(e  tw9  values  of  #r,  the  lower  detenntnes  the  valiie  AP 
correfponding.  to  the  higheft  pc«n(  E|  the  v[^pcr  (bews  ibe 
value  AP'  correfponding  to  the  loweft  point  £'• 

$•  Through  the  higbeft  point  £  having  drawn  the  horiasoiiild 
plaJie  EO,  this  plane  will  cut  the  demi-fpire  CX>S  in  the  point  O 
j^/kg.  S*  pk  !kJQV.)>  thus  detergninin|  the  arc  ECO  which  carrtCB 
waier^or  as  It  is  fometimes  ,called  me  hyJrophor&us  arcs  for  aK 
ibe  points*  of  tbU  arc  b^ing  below  th^  points  £,  0»  and  thcfe 


^4%  MACHINES. 

two  points  being  in  the  level  of  the  fur&ecvthe  water  will  be  in 
cquilibrto  in  ihsit  asc*  To  find  the  mafnitinlei  and  ctf  cotifei 
quence  Uie  quantity  of  water  carried  by  an  hydrophorous  arc, 
die  diameter  of  the  tube  which  forms. the  fcrew  being  given,  it  is 
•vident  that  we  have  only  now  to  determine  the  point  0  or 
cxtiemity  of  the  arc  ECO,  the  other  extremity  having  beed 
fDopd  by  the  preceding  article.  In  order  to  this,  denote  AB, 
BD,  by  the  fame  letters  as  before ;  the  variable  abfcifia  BQjjy  Zp 
ipd  ilfr ^re  SN  by  J  :  the  Ihie  £F  (found  as  in  aft.  y.),  or  iti 
equal  OR  put  ^  e.    Then  the  iimilar  triangles  ABI>^  AQ^» 

give  AB  :BD  :  ".Aq^QR,  or  2  r:a::  2r  -  z:^-^^^=^=Qg.; 


<^erefiofe  QP  = ' — ~^  +  #.    NoW|  by  the  property  of  the 

ftrcw,  we  have  AMB  :  BC  ; :  AMBN :  NO,  orc:b::c  +  si 

fei^  =5  NO.    But  QO  and  NO  being  two  fines  perpen- 
< 

^Bcol^t  to  die  bafe.of  die  cylinderf^atid  bodi  of  thetti  itn^iMb- 
j|ig  in  the  plane  of  the  ellipfci  or  of  the  cylindric  fediion  SO,  it 
foUows  that  09  =  ^^  9  ^^  ^^r  ^om.  what  has  gone  beiores^ 

^ — — +  i  s=  -^i--^or.--  +  —  ^rA-fl-f=<s^AsA^re- 
(blvtion.  of  this  eqiKiation  depends  upon  the  redification  of  tlie 
src  /«  w&  can  only  fubftitute  the  value  of  /  in  tem^s  of  z,  Vv  an 
infinite  feries  formed  of  z  and  its  powers;  where  die^  refiudi^ 
ec]uation  becoming  more  and  more  complex  and  embarra(Iing)| 
^,Xfffs^t  numbox^  of-  terms  o£  the-fenes  istaken)  we  fhould^ 
by  purfuing  it,  be  involved  in  a  very  long-  and  tirefome  operas- 
lion:  to  avoid  this  we  (hall  have  recourfe  to. the folIowin|^ table 
fNK}«l«ted  by  M.  Pitot. 

.  This  table  contains  values  of  the  arcs  BN  =  x,  correfponding 
IQ  thofe  of  BQ^  Zf,ffmsk  in  pints^of  the  diimeter  Aft' set  y^ 
divided  in  200  parts.  This  granted,  having  found  by  the  pre- 
(fdi|^  ^xUfie  the  v«ltteio£^^^,we*Tedace'i&^--a'-rt6  otvr  nutflbtAT 

~-    *  *       ^ 

o»Iyy  which  let  be  reprefcnted  by  »•:  then  have'w*—  +-—  =? 

fh  Laftly,  we  take  in  the  taUedifi^ent  vAlties  of  z  and'oPtne 
MBre^MHliiiir  afC|.tiU  we  bawdifimvered  thlt  triiieh'rtMiM 

-rr.+—  equal  to.tke  number  Ji,i0r  nearly /fo. 


*^  T*&  fiiid  iKe'^knglh  of  the  hydrojhoBOtts  arc  ECO,  Jiaivinj  .d^ 
termitied  the  arcs  AM  and  BN,  it  is  proper  te  obferve-tiial^  bf 
the  formation  of  the  fCrew  (art  2.)f  the  len^'*of'OSie>'of  tbb 
demi-fpires  AEC  is  equal  to  the  hypothenufe  of  a  right-angjicdl 


Arcln$miefh  SiTi^. 


*tr 


t^ioig^j.  o£  mittch.  AMR  » ^^  and  W(r=i  *  are  Aelegst  thus 
diQ.<lenii^piiie>  ABC  ^\^cc  +  ii5.  SP  now  wfc  put  m  for  the 
bumrn  arc  ]^BN,;«iw  mayr  take  this  anatoj^j,*  viz.  AMB :  ABC 

: :  MBN  :  ECO,  or  c  :  \/?W^ : :  « :  "^^-v/tf^TT*  i=  ECO; 

and  thus  obtain  the  value  of  the  arc  which  carries  the  water,  or 
of  the  h]r4rQi^^au9  arc  £bugbt«  ^  * 

Tfikle-.  of  arcs  corre/jnndwff,  to-papt^  ^  roAut 
divided  iato  loa-egtud  partti 


•  Pwtof 
.  R«di)ia. 


.      If 

•      2 

3 
4 

■•    5' 
.     6 

"■  1 
8 

9 
lo 

..  It 

•  la 

:  13 
.  14. 


Arcs  in  parts 
of  nulitts. 


U-.I4: 
20' 

24-54 

3477^ 

37*59 
40-24 

4171 

45*o6.' 

47 'S^^ 

4»'45 

5^52 

.  53-52 

SS'44 
'  57'3* 
S9^^ 


Arcs  in  deg. 
and-niiti. 


8"  6'/ 
II  28 
14  4 
16  15 
1811 
1956 
2133- 

23   4 
2429 

2550. 

27   7 

28%I 

293a 
304» 

3M7 
3251 

33  ?f 


.  r-    -r  — -— — ^^-^      ^^_.__ — 

Parts  of  I A  res  in  parts 
nadiUB. .      of  ra  diua 


18: 

20 

21 

22 
,23 

24 

26 

27 
28 

29 

3<» 
3» 
3» 
33 


60-^88 
62  62 
64*3 1 
65-94 
67*57 
69*  1 7 

70*74 

7*'73 

73*73' 
75'2i 

76<<J6 

78*i6> 

79-52 

80*90 

82*25 

83*62 


Arcs  in  <l«g. 
and  mill. 


i 


3*W 

3i;j4 
3652 

3748 

38  44- 

39  39 
4033 

4»  2S  . 

42  16 

43  1 
43  57' 
4440 

45  35 
4622 

47   9^ 
47  5<i 


\' 


9*  Example  of  the  calculation  of  an  bydfophoroiss  arc.    For  an* 
exanafle  of  this  kind  of  cakolation  for  tiie  length  of  the  hjdro* 
phonu  «nc  EGO,  let  us  take  the. diameter  AB  =  2  r  ot  200  • 
patts^thekeisht  BC  =16  rz  8a  of  the  fiame  parts,  BD  =:  ^  s  100 
p^rtef  tlien  ue  femi^cnreumference  AMB  will  be  nearly  2:314 
of  thofe  parts.    Subftituting  thefe  values  in  the  exprefUon  x  :ss 

r '^  —  ^a^x*^  -  4  A*  r*  (art.  7.),  there  refults  AP=r*:^  r3*45^ ' 

iii,!lkiniW€  4^a|ts;}  and  ^f  meaasvof  di«  taUe.  joft  gmn^  :tht  ^ 
arc  AM  ==  j,  is  found  =  53*3.    Subftxtuting  tliefevatues  of  h  » 

and  /  in  the  equation  —  — —  ss  a  we  find  the  raliie,  ^^  ol- 


A  * 

To I»fe«t  tike  iamfrtime  die  tshidorBQ^s s,  9tid  of  ihk  , 
arc  BN  whkk  we  now  cadi  si  diefe  ratues  QT/r, ^» r,  a r and  # 

Koft  be  fubftituted  in  tbe  equation  t!t+  JLss  a-^b  +  e^  fo  as 

tD  have  X  -f-  ^  =r  53*72'    Bjr  means  of  tbe  preceding  table  it  ^ 

is  fix)n  found  tbat  BQ^  s  =s  2i»  and  BN  :=  s  ^66^  yttj 
nearly. 

Ttuen  to  find  the  arc  MBN»  which  we  have  called  m,  we  . 
IiaiB&  the  whole  arc  AMBN  rs  3 14  4-  6<$  =  380,  from  which  de-  , 
doAing  the  arc  AM  =  53'3f  there  remains  MBN=  m=^26*'j. 

The  length  of  the  demi-fpire  AEC  =  V^^*  +  i*  3=  324-03 : 
and  fi«^Uy  -  vV  +  i*  =  33 7"  13  the  length  of  the  hydrophoif,-  ", 

otts^arc  ECO. 

ib»  The  diameter  of  the  cyUnder  ef  the  ferrw  heing  given  wfB^ 
Aai  of  the  tube  which  firms  tbefpiraly  and  the  given  kngth  of  ihit 
fcrew^  to  find  the  quantity  ef  water  carried  by  tbe  hydrofhii^us  etrts^    • 
and  the  height  to  whick  the  waUr  is  elevated^  tbe  inetinatiem  of  the 
J^iral  being  as  before*  •      .        ;.' 

Let  thie  diameter  ABdF  the  fcrew  be  i  foot,  that^  th«  hiM 
tube  in  which  the  water  is  raifed  3  inchesi  and  the  length  of  the* ' 
fcrew  3,0  (ect*    Thk  granted>  to  hsvs  the  length  in  feet-Md-' 
inches  of  ao  hy4rophorous.arci  £iy,  a&  the  200  parts!  ol^he  " 
diameter  of  the  .t»hle  :  .1  foot  or  12  inches  :z  337*1.3  before  ^^ 
found :  2p'2228  in<:he^^  the  reallength  of  thehydrophorous-'arc. 
Every  fucli  ai;c  then .  carries,  a  cylmdcr  of  water  3  inchett'dU 
ameter  and  20*2^.78  indie*  Jong.    Let  us  next  enquire  ho^     • 
oiany  luch  ar^s  there  wiU  be  in  me  whole  ieiifeth  of  the  fei^»   ' 
or  30  feet/  It  is  evident|  in  tho  firft  place,  that  every  turn  or 
convohitjon  ^f  the  helix  on  the  arbor  pt  the  fcrew  caries  one- 
hydcophordus  sl^^i  t^  fi(id9:there£ore,  the  niiiklbet-af  turns,  itr*  - 
muft  b^  obfexved  diat  ^^e- height  BC  oE  oneof -thodemi-fpire»' 
18  in  our  exa,mpl6  80  parlSii  j3r  the  height.  AS; of  an  entire  fpire  -^ 
160  parts;  the  diameter  AB  of  ihe.ba£ie|.wfaicfa  is  r  foot,  being  -'' 
200  of  thoie  parts :  h^iice  aoi?:.  12 :  ::idt)  i^'dini^s,  the  height    ^ 
of  one  fpire*.    Dividing  the  inches  in  ^fd  feet- by  ^^(S^  iht  qvt6t^'  '- 
cnt  gives  more  dian  37  fi^  the  number  of  fpire$|  «iOolikqlJeht^''  ' 
there.  \^  be  37  hydrophoroiis  arcs*    The  quantify^ of  water  iit' 
aH  thefc)  hydropborous  aros  is^Ual  to  the  quantity  m  U  cyfii^dci'^'^' 
the  cUametei;  ot  whoie  bafe  ie  j  indies,  and  Jieighrte* 20*417??^'^ 
37=7^8-4286  inches,  or  nearly  6%^kct;.  Such  a  cylinder  6f-;^ 
watcic'is  ^a%  found  (;o  w$;igh  1911*313  Btf;  ivotrdopoi^.       '•      ';  - 

We  havq  n9\ir  tp:dfitfi;«iitte  tbc.WticaUiri^  80^  whidi^lHe 


fctfyr  yrc.h^vftA^  ebiatt  das  WMf  t  anft 

this  may  1)e  accompHfied  very  eafi)y  ^ .  for,  the  triangles  A  DB^  ' 
BTZ,  being  fimllar,  ue  have  AD :  AB : :  BY :  YZ  =  2(5-833  feet. 
Finallyj  under  this  tead,  to  find  th#  angte  ifphich  the  arbor  or 
axle  of  this  fcrew  mlces  vnih  the  horizon,  fay,  as  BD  :  B A : : 
rad. :  tan.  ADB  .=  tai.  YBZ  the  aogle  fou^t :  thus  the  sjag\c 
YBZ  is  found  *=  6fl6\ 

1 1 .  Computation  of  the  force  reqmfto  to  turn  thefirew^ — In  the 
example  we  have  talen,  the  weight  of  the  water  contained  in 
^^  37  hydrophorousarcs  being  191*313  lbs.  to  find  the  force 
necefTary  to  be  appliel  at  the  circumference  of  the  cylinder,  we 
mild  fay,  according  to  the  rule  in  art.  4.  as  37  times  the  cir- 
cumference of  the  cylinder's  bafe  (=  I3957i4iiaches)  is  to. 
the  vertical  height  th'oughi  which  the  water  is  elevated  (  =  26f* 
10  i.  =322  inches),,  b  is  the  .weight  of  water  (=  191^3)3  lbs.) 
to  the  weight  44*14  ibs.  equivalent  to  the  force  ^s^hich  muft  be 
applied  to  the  tircunference  of  the  fcrew  to  keep  it  in  motion 
when  once  it  has  be^un  to  turn.  But  if  this  force  or  power, 
ihftead  of  being  applied  at  the  circumference  of  the  (crew,  ads 
by  a  handle  and,  winch  at  the  diftance  of  10  inches  from  the 
axis  of  the  cylinder,  ^e  requifite  force  will  only  be  /^  or  |.  of 
the  former ;  it  will,  therefore,  be  26-48  lbs. 

12.  Computation  of  tie  quantity  of  water  Mfhich  the  fcrew  nmU 
rnife  in  a  given  titne.-^-To  find  the  quantity  of  water  mifed  b^ 
tfic  ficrewpropofed  as  our  example,  we  muft  know  the  velocity 
with  which  the  aiSgned  force  carries  round  the  handle.    Sup" 
pbfe,  for  inftahce,  the  handle,  and  confeqnently  the  fcrew, 
makes  one  rotation  in  5  (econds,  it  is  very  maniteft  the  fcrew   ' 
will  then  expel  the  quantity  of  water  contained  in  i  hydro-  ^ 
phdrons  arc  in  5  feeonds ;  and  in  37  times  5  feconds,  that  is  185 
fecondi^^OT  3™  5%  it  vill  raife  a  quantity  weighing  191*313  lbs. 
To  find  the  quantity  raifed  in  an  hoar,  (liy,  as  1^5  :  '1600 
(feconds  in  an  hour): :  191*3x3 :  3719  lb$.  nearly.    C7r,  if  the 
quantity  be  calculated  in  ale  gallons,  it  will  be  found  equal  to 
364'62»    If  the  velocity  with  which  the  handle  is  moved  be  , 
tripled,  which  it  ttiay  be,  without  rendering  the  work  too 
fatiguing,  the  quantity  rai&d  will  be  tripled,  and  nearly  1004 
gallons  will  be  rai&d  %6  feet  10  inches,  in  an  hour.     Tbis^ 
coincides'very  jiearly  with  Defaguliers's  eftim&te  of  the  water 
which  a  man  can  ratfe  by  almoft  any  hydraulic  engine. 

r3.  Having  dweltthud  long  upon  the  theory  of  Archimedes's 
fcrew,  but- little'  remains  to  complete  our  obfervations.  It  is 
obvious  from  what  has  been  remarkedj  that  this  fcrew  can  nevcir 
imife  water  when  the  angle  which  the  central  line  of  the  fpiral 
makes  with  the  bafe  of  the  cySnder  is.  larger  than '  the  angle  ; 
indsded  between  the  bafccf  tbe  cylinder  and  the  horizon  \  that 


&Ut  5«al^'^«fi^?^4^  tliat  BAZ'  rfiouH  Imc'  M^it!  t(h  }^  not 
grcsttcr  than,  BED'(fig.  6.  pi.  XXIV).  \x\  pra«icc,  indeed,  it 
0  advtfeabie  thai  C  AL  be  between  46^ainc  4o%  an4  B  AZ  -  Q£Q 
1>ei7¥cen  lo^  and  20^  The  mean  ofboh  thefe  ia  moft  to  be 
fccommcnded.  .,  /  ,   ,  ^    -.  ;.      .   .  j         » 

Sometimes*  AtehimeHes^s  fcreW^  infteaa  of' being  ^worfed  Vf 
nien  at  a  winchi  is  turned  by  means  of  fl«at-boards  fixed  ab9ut 
Aei  circumference  ^f  its  lower  eridj  upm  which  a  ftream  ot 
water  ads:  if  the  wkt^r  have  a  mbdente  fall,,  it  will  have, 
f&fScient  efficaey  -to  tdrn  two  fcrcws^  om  above  another ;  thc^ 
top.of  the  lower  fcfew  and  the  bottom  of  the  upper  fcrcw  may, 
a£t«the  one  upon  the  other,  by  means' of  a  whee|  upon  eac^, 
wft^.-an  equal  number  of  teeth  taking  inD  each  o^er  :  in  ,thU^ 
cafe  the  upper  fciew  will  turn  in  a  contra^  direi^ibn  from  ^hq 
oth4^9  am  confequently  the  fpiral  tube  liuft  be  wound  about^ 
thc:cyiinder  in  an  opp6fite  diredion.  A  Ulid  wheel,  ojr  a  lights 
Wh^i  with  a  heai^  rim,  turning  upon  the  middle  of  the  ifcrew, 
as  an  axfs,  Mrill*  dpei^at^  like  a  fly,  and  in  feme  cafes  be  very 
ufcfuh    ..  ■  ^        k\      » 

In  the  preceding  inveftlgations  no  notice' has  been  jtak^en  o^; 
tRe^fiefb  of  ^he  aDr Included  in  the  fpiral: yet  if  the  fpiral  ha4 
been  folded  upon  a  cone  inilead  of  a  cylirKJerVor  if  it  ha^  been 
formed  of  a  flexibfe  tube  of  varying  diameter,  thefe  cffe^. 
wt)uld  have,  been  inlportant  t  fome  of  theni  are  confidered  i^  our 
acfcoupt  of  the  fpiral"  pump.     See  Hydraulic  Machifies^  Noj,^|[o,  ^ 

SHOEMAKERi'  implbment,  to  etiahU  them,  to  wqrjfin  a, 

Jlhttding  po/lure.    Thfs  inflrumeht  has  beea  lately xontriv^by]^ 

Mr.;  Thomas  Hblden  6f  FcttfewArth,  SufTei/^  and  it^^jnventpr, 

has  been  rewarded  with  fifteen  guineas' by^elSocietypf  Art^  , 


\ 


nrnkifig  boots/  which  are  kept  "firm  upon  it,  by  a  ftirrup  gr^ 
crtdlefs  ft  rap.    The  hollow  block  ]&  JQincii  into  aqot^er.  piece  ^ 
(which  conne^s  it  to  the  ftand),  fo  as  ti?  admit  of  a.vertlc^', 
mptibn ;  and  it  is  retaihed,  at  any  angle,'  ia'this  motioxj^  by  \^ 
circular  catch,  with' nol:ches  formed  in  its  file,  ^  to  faftjcp'  it  'on  \, 
adP  i^on  eatch  projetlitig  from 'the  lower*  piece.    Th^sjpwer,^ 
piece  h  ihaped  into  a  fmall  cylinder  beneih.  .which  ^epng,.. 
into  a  hole  formed  for  it  in  the' top  of , the  piuar  of  the  tta^d* 
pAmits  the  holloW'  block  to  be' moved  roundabout,  witK^ul^t 
ftrrririg  the'  Hand  ;  fo  that,  by  the'combinatioa  oi(,tWf  Wi>  j 
mjtibtts,  it  miy  be  placed  hi  any  pofitioii.'  .  Bel^fAi  t^ic  H^JloTf,  ^ 
blAck,  and  on  a  level  with  it,"anKoKft'6iSt2v(  piece  Qf/b<yiwl if.., 
fugpQirred  by  a  finall  pillar,  rifirig  trqm' one  o/^die,  feet  iofjjffi  i 
ftrfttdi' jindlecurcd flrlftly  by  a  brace  fo'tlic ft^todlrfcir i  thisboanC^* 


SiiaimJSngimu '  -  ;  355  ^ 

ftipportft  die  to^k  ^tvd  implements'  i«aated|'^MMt]r4i*^klBd  for 
the  workman's  u(e. 

l!lie  de%n  of  this  invention  is  io  obviate  the  neceffitj"  of 
Ufing  that  very  unwholefome  pofture  in  which  flioemakers  ate 
accufiomed  to  work;  which  compreiles  the  lungs  and  bowelrin 
fuch  a  manner^  as  to  occafion .  confamptton,  inAammation  of 
the  bowels,  and  a  variety  of  other  frightful  complaints.     - 

The  efficacy  of  the  akeration  of  pofture  permitted  by  thitf 
inftrumeht,  which  enables  the  workman  to  (land  aft  his  work,  it 
very  well  proved  in  the  cafe  of  the  inventor  of  it ;  who  has 
produced  a  medical  certificate}  that  he  was,  for  many  years/  fo 
afRi£fced  with  bowel  compfatnts  and  pilesi  that  he  was  imder  the' 
neceffity  of  leaving  oflF  his  trade  entirely,  if  he  could  not  contrive 
to  work  (landing;  and  that',  (inct  he  has  made  ufe  of  tbit 
implement,  his  complaints  are  entirely  removed^  and  he  is  to 
improved  in  fle(h  and  countenance,  that  he  '*  looks  not  like  the 
fame  man ;"  and,  for  fome  years,  has  had  no  occafion  for 
medicine.  He  has  made  many  hundred  pair  of  fhoes  on  this 
ftand,  and  recommends  alfo  its  ufe,  as  '*  the  quickeft  way  of 
clofing  all  the  thread  work." 

This  implement  might  be  made  ftili  more  (tniple,  by  leavfng 
out  the  part  ufed  to  give  the  hollow  block  a  circular  motion, 
which  does  not  appear  always  neceflary,  from  the  facility  which' 
the  workman  has,  when  ftanding  at  it,  to  place  himfelf  inftatitly 
at  any  fide  of  the  work  he  pleafes  ;  it  wouM>  as  appears  to  us^ 
be  full  as  little,  if  not  lefs,  trouble  to  him  to  let  the  inftfument 
remain  unmoved,  and  turn  himfelf  round  inftead  of  it,  as  to 
iland  ftill  while  he  turned  it  about :  though  a  fmall  qtiantity  of 
light  confined  to  one  direction  may  in  lome  cafes  render  the 
increafed  apparatus  neceflary* 

A  wooden  vice  of  a  proper  height,  fixed  to  a  ftake,  and 
fecured  even  by  a  wedge,  if  a  fcrew  ihouU  be  deemed  ex- 
penfive,  would  alfo  hold  a  laft  in  any  pofition  rei}uired  for  the 
workman. 

Thefe  additional  obfervatlons  are  given,  becaufe  any  con- 
trivance which  will  enable  (hoemakers  to  work  in  poftures  lef^ 
injuiious  to  their  health  muil<be  confidereil  as  important  and 
valuable:  and  whatever  m^  fuggeft  to  the  workman  cheap 
inftruments  for  this  purpofe,  eaQIy  conftruAed,  and  pleafant  in 
the  pra6)ice,  cannot  but  be  beneficial  to  the  puhUc< 

SiPPION.    See  Crane. 

SPIRAL-PUMP,  ii/Z«nVA.  SeeHvDRAULic  Engines,  No.  lo. 

STEAM-ENGINE,  an  engine  originally  contrived  for  raifinfr 
watet  by  means  of  the  etpanfive  force  of  the  fteam  or  vapour 
produced  from  water  or  other  liquids  in  a  ftate  of  ebullition. 
Ihis'has  been  often  (sjled  the  Pin^ngififp  becavfe  of  the  "fire 

vol.'ir,  A  A 
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uied  in  boUing  the  liquid  %  but  the  Uttet  term  has,  ol  late^  beefl 
properly  confined  to  machines  for  extinguifliing  fires*  The 
fkeaoi-^engine  is  juftly  deemed  one  of  die  moft  curious^  im- 
portant,  and  ferviceable  mechanical  inventionsi  not  only  of 
modeni)  but  of  any,  times ;  particularly  when  it  is  confidered 
with  regard  to  fome  of  its  late  improvemeats,  which  render  it 
applicable  to  all  kinds  of  mill-work,  to  planingi  fiiwing,  boring, 
and  rolling  machines,  and  indeed  to  aimoft  every  purpofe  ^c 
Kquires  a  powerful  firft-mov«r,  whofe  energy  may  be  modified 
at  the  plealure  of  the  mechanift* 

The  principles  and  manner  of  operation  of  the  fteam-engines 
of  Savery^  Kewcomen  and  Cawley,  and  of  Watt,  may  be  under* 
flood  from  the  following  brief  explanations  and  remarks,  which 
are  meant  as  preparatory  to  the  more  detailed  accounts  of 
Several  engines  with  which  we  have  been  favoured. 

1.  Let  there  be  a  fucking  pipe  with  a  valve  opening  upwards 
at  the  top,  communicating  with  a  ck>fe  vefiel  of  water,  not  more 
than  thirty-three  feet  above  the  level  of  the  refervoir,  and  the 
^eam  of  boiling  water  be  thrown  on  the  furfaceof  the  water  in 
&e  vefiel,  it  will  force  it  to  a  height  as  much  greater  than 
thirty«three  feet  as  the  elaftic  force  of  the  fteam  is  greater  than 
Aiat  of  air ;  and  if  the  fteam  be  condenfed  by  the  inje^iion  of 
cold  water,  and  a  vacuum  thus  formed,  the  veflTel  will  be  filled 
from  the  refervoir  by  the  prefiure  of  the  atmofphere  j  and  the 
fteam  being  admitted  as  before,  this  water  will  alfo  be  forced 
up  ;  and  fo  on  fucceflively. 

.  Such  b  the  principle  of  the  firft  fteam-engine,  faid  by  the 
^ngliih  to  be  invented  by  the  marquis  of  Wmrcefier  /  while  the 
trench  afcribe  it  to  Papin :  though  we  believe  the  fzQt  is  that 
irancas^  an  Italian,  applied  -the  f^rce  of  fteam  eje&ed  from  a 
large  oelopile  as  an  impelling  power  for  a  ftaraping-engioe  fo 
early  as  1629.  "^he  bint  fo  obfcurely  exhibited  in  die  marquis 
of  Worcefter's  Century  of  Inventions  was  carried  into  eflfed  by 
captain  Savery. 

2.  If  the  fteam  be  admitted  into  the  bottom  of  a  hollow 
cylinder,  to  wliich  a  folid  pifton  is  adapted,  the  pifton  will  be 
forced  upwards  by  the  difference  between  the  elaftic  forces  of 
fteam  and  common  air ;  and  the  fteam  being  then  condenfed, 
the  pifton  will  defcend  by  the  preflure  of  the  atmofphere,  tod 
fo  on  fuccefiWely.  This  is  the  principle  of  the  fteam-engine 
firft  contrived  by  Meflieurs  Newcomen  and  Cawley^  of  Dartmouth. 
This  is  fometimes  called  the  atmofpherical  engine,  and  is  com- 
monly a  forcing-pump,  having  its  rod  fixed  to  one  end  of  a 
lever,  which  is  worked  by  the  weight  of  the  atmofphere  iipcm  a 
pifton  at  the  other  end,  a  temporary  vacuum  being  made  below 
jc  by  fuddenly  condenfing  the  fteaoii  that  had  'l^en  admitted 


into  the  cylinder  in  which  this  pifton  worksi  hj  .^  j^t  of  cold 
water  thrown  into  it.  A  partial  vacuum  being  thus  made^  the 
Weight  ot  the  atmofphere  prefTes  down  the  pifton,  and  raifes  the 
other  end  of  the  ftraight  lever,  together  with  the  water,  from  the 
Nircll.  Then  immediately  a  hole  is  uncovered  in  the  bottom  of 
the  cylinder,  by  which  a  irefh  quantity  of  hot  fteam  ru  flics  in 
from  a  boiler  or  water  below  it,  which  proving  a  counterbalance 
for  the  atmofphere  above  the  pifton,  the  weight  of  the  pump- 
rods,  at  the  other  end  of  the  lever,  cavries  that  end  down,  and 
raifes  the  pifton  of  the  fteam-cylinder.  The  fteam  hole  is  then 
immediately  ftiut,  and  a  cock  opened  for  injefting  the  cold 
water  into  the  cylinder  of  fteam,  which  condenfes  it  to  water 
again,  and  thus  making  a  vacuum  below  the  pifton,  the  atmo- 
fphere again  prefTes  it  down  and  raifes  the  pump-rods,  as  before; 
and  fo  on  continually. 

3.  The  great  features  of  improvement  made  by  Mr.  Watt 
upon  the  engine  of  Newcomen  and  Cawlcy  are,  as  Mr. 
Nicholfon  remarks,  firft,  that  the  elafticity  of  the  fteam  itfelf  is 
vfed  as  the  active  power  in  this  engine ;  and  fecondl}",  that 
befides  various  other  judicious  arrangements  for  the  economy 
of  heat,  he  condenfes  the  fteam^  not  in  the  cylinder,  but  in  a 
feparate  veflel. 

In  the  cylinder  or  fyringc,  concerning  which  we  have  fpoken, 
in  mentioning  the  engine  of  Newcomen,  let  us  fuppofe  the 
upper  part  to  be  clofed,  and  the  pifton-rod  to'  Aide  air-tight 
through  a  collar  of  leathers.  In  this  fituatiort,  it  is  evident  that 
the  pifton  might  be  depreffed  by  throwing  the  fteam  upon  its 
upper  fur  face,  through  an  aperture  at  the  fuperior  end  of  the 
cylinder.  But  if  we  fuppofe  the  external  air  to  have  accefe  to 
the  lower  furface  of  the  pifton,  we  fliall  find  that  fteam  no 
ftronger  in  its  elafticity  than  to  equal  the  weight  of  the  atmo- 
fphere would  not  move  the  pifton  at  all ;  and  confequently  that 
this  new  engine  would  require  much  denfer  fteam,  and  con- 
fume  much  more  fuel  than  the  old  engine.  The  remedy  for 
this  evil  is  to  maintain  a  conftant  vacuum  beneath  the  pifton. 
If  fuch  a  vacuum  were  originally  produced  by  fteam,  it  is 
certain  that  its  permanency  could  not  be  depended  on,  unlefs 
the  engine  contained  a  provifion  for  conftantly  keeping  it  up. 
'  Mr-  Watt's  contrivance  in  his  fimpleft  engine  is  as  follows:  The 
fteam  is  conveyed  from  the  boiler  to  the  upper  part  of  the 
cylinder  through  a  pipe,  which  alfo  communicates  occafionally 
.with  the  lower  part,  and  beyond  that  fpace  with  a  veffcl  im- 
mcrfcd  in  a  trough  of  water  5  in  which  veffcl  the  condenfation 
is  performed  by  an  injefted  ftream  of  cold  water.  This  water 
is  drawn  off,  not  by  an  cduftion-pipc  but  by  a  pump,  of  which 
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the  ftroke  is  fufliciently  capacious  to  leave  room  for  the  elailic 
fluid,  feparated  during  the  iiije£tion>  to  follow  and  be  carried 
out  with  th^  injedion  water.  Suppofe  now  the  pifton  to  be  at 
its  greateft  elevationi  and  the  communication  from  the  boiler  to 
the  upper  as  well  as  to  the  lower  parts  of  the  cylinder  to  be 
opened!  The  fteam  will  then  pafs  into  the  whole  internal  part 
of  the  engine»  and  will  drive  the  air  downwards  into  the  con* 
icnfer,  and  thence  through  the  valves  of  the  air-pump*  In  thisr 
fituation,  if  the  communication  from  the  boiler  to  the  lower  part 
of  the  cylinder  be  (lopped,  and  an  injection  be  made  into  the 
condenfer,  a  vacuum  will  be  produced  in  that  veflel,  and  the 
fteam  contained  in  the  lower  part  of  the  cylinder  and  com- 
munication pipe  will  expand  itfelf  with  wonderful  rapidity 
towards  the  condenfer,  fo  that  in  a  period  of  time  too  minute  to 
be  appreciated  the  whole  of  the  (beam  beneath  the  pifton  will 
hfi  praflically  condenfed.  The  fteam  which  continues  to  a£l 
sjbove  the  pifton  will  immediately  deprefs  it  into  the  vacuum 
beneath ;  at  the  fame  time  that  by  conne£lion  with  the  external 
apparatus  the  pifton  of  the  air-pump  alfo  defcends  in  its  barrel. 
When  the  ftroke  is  nearly  completed  downwards,  the  re<]^uinte 
part  of  the  apparatus  (huts  the  communication  with  the  boiler, 
opens  that  between  the  upper  and  lower  parts  of  the  cylinder 
and  conden(ing  veflel,  and  turns  the  inje£lion-cock.  At  this 
veryjnftant  the  pifton  lofes  its  tendency  to  defcend,  becaufe  the 
fteam  prefles  equally  on  both  furfaces,  and  continues  its  equality 
of  preiTure  while  the  condenfatio«  is  performed.  It  therefore 
rifes ;  the  inje£^ion  is  ftopped  ^  and  the  air-pump  making  its 
ftroke,  fuffers  the  injeftion  water  and  a  confiderable  part  of  the 
elaftic  fluid  to  pafs  through  its  lower  valve.  The  vacuum  is 
thus  kept  up  through  the  whole  internal  capacity  of  the  engine. 
As  £oQn  as  the  pifton  has  reached  tlie  upper  part  ol  the 
cylinder,  the  communication  to  the  under  part  of  the  cylinder  is 
ftopped,  and  that  with  the  boiler  opened,  as  before  ^  the  confe- 
quence  of  which  is,  that  the  pifton  again  delcends  ;  and  in  thi^ 
manner  the  alternations  repeatedly  take  place. 

.  The  principal  augmentation  of  power  in  this  engine,  com* 
pared  with  that  of  Newcomen,  arifes  from  the  cylinder  not 
being  cooled  by  the  iiijedlion  water,  from  its  being  practicable 
to  ufe  fteam,  which  is  more  powerful  than  the  preffure  of  the 
atmofphere,  and  from  the  employing  ^of  this  fteam  both  to 
elevate  and  to  deprefs  the  pifton,  In  general,  thefe  engines  are 
worked  by  fteam,  which  would  fupport  a  column  of  four  or  five 
inachea  of  mercury  befides  the  preffure  of  the  atmofphere,  an4 
fometimes  more;  for  Mr.  Nichplfon  fays,  he  has  fometime$ 
Xeen  the.gnge.as  high. as  eight  inches.    Mr.  Watt  has  madi^ 
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(everal  fucceffive  modifications  and  additionjs  10  the  engine  juflr 
defcribed,  fome  of  which  wii]  be  further  fpoken  of  in  the  courts 
of  this  article. 

4.  It  has  been  cuflomary,  when  treating  of  fteam-enginesy 
to  prefent  feveral  theorems  for  the  computation  of  their  poWet 
and  efiefts.     But  as  all  which  has  hitherto  been  advanced  on 
thefe  points  feems  to  us  very  vague  and  unfatisfa&orjr,  we  fliaU 
not  delude  the  iludent  with  an  appearance  of  mathematical 
accuracy,  when  it  is  fo  far  from  being  attained.     It  is  obvious 
enough  that  the  abfolute  power  of  a  fteam-engine  is  in  the 
compound  ratio  of  the  area'  of  the  pifton,  the  preflure  upon 
each  hich  of  it,  the  length  of  the  ftroke,  and  the  number  of 
ftrokes  in  any  afligned  time  :  but  the  preflure  upon  any  portion 
of  the  pifton  can  only  be  afcertaincd  by  experiment  and  ob- 
fervartoii,  and   that  with  difficulty,  becaufe  of  our  uncertain 
methods  of  eftimating  friftion  and  other  fpecies  of  refiftance; 
while  judicious   obfervations   would   with    much   lefs   laboui^ 
determine  the  work  af^ually  peribrmed,  either  when  the  (leanw 
engine  works  f)umps,  or  gives  ndotion  to  any  kind  of  mills* 
The  quantity  of  water  raifed  by  pumps  in  a  given  time  may 
foon  be  eflimated  ;  and  when  the  alternating  motion  of  the 
fteam-pifton  is  converted  into  a  rotatory  one,  the  real  efFeft  the 
engine  is  capable  of  producing  may  be  afcertained  by  obferving 
the  velocity  with  which  a  given  weight  is  raifed  when  fufpeaded 
from  the  axle  to  which  the  rotation  is  firft  given. 

The  ufual  method  of  eftimating  the  efftfts  of  engines  by 
what  are  called  **  horfe  powers"  muft  inevitably  be  very 
fallacious,  unlefs  all  engineers  could  agree  as  to  the  quantity  of 
work  which  they  would  arbitrarily  amgn  to  one  horfe,  'and  in 
that  cafe  the  term  would  manifeftly  be  nugatoryi  ^  It  may  alfa 
be  obfcrved,  that  in  determining  the  comparative  value  of 
different  fteam-engines,  it  is  not  fufficient  to  compare  the 
quantities  of  work  each  will  perform  in  equal  times ;  for  the 
expence  of  ere£lion,  the  probability  of  repairs  being  more  or 
lefs  frequent  on  account  of  the  complexnefs  or  fimplicity  of 
conftru£tion,  and  the  quantities  of  fuel  confumed  by  each,  muft 
likewife  be  taken  into  the  account. 

Thefe  particulars  might  eafily  be  enlarged  upon  :  but  it  will 
probably  be  more  beneficial  to  the  reader  if  we  now  fufpend 
our  own  remarks,  in  order  to  prefent  them  with  the  communi- 
cations with  which  we  have  been  favoured  :  thefe  are,  one  from 
Mr.  y.  C.  Hornt/ower,  engineer,  containing  a  (ketch  of  the  later 
hiftorv,  with  defcriptions  of  the  principal  engines  ;  another  from 
Mr.  y.  Farey^  jun.  of  Crown-ilreet,  Wttllminfter  (a  young 
gentlefnan  of  remarkable  mechanical  attainments),  being  an 
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account  of  an  engine  eref^ed  in  1802  by  Meflrs.  Murray  an4 
Woodj  of  Leeds. 


.  I.  It  is  remarkable  that  we  have  nothing  handed  to  ns  on  thi« 
fubjefl:  that  is  worthy  of  our  reception,  notwithilanding  the 
number  of  our  Cyclopedias  and  Encyclopedias,  unlefs  it  be  what 
is  publifhed  in  the  Minor's  Friend  by  Mr.  Thomas  Savery,  and 
afterwards  in  Harris's  Lexicon  Technicum  9  and  thefe,  but  efpe- 
cially  the  former,  with  all  the  franknefs  and  faithfulnefs  of 
undifguifed  fa£l,  have  put  to  the  bluih  thofe  pompous  conceits 
and  abfurdities  that  have  either  wilfully  or  ignorantly  been 
trumped  up  to  allure  the  undifcerning  multitude,  or  to  prattle 
the  praife  of  the  ingenious  inventors. 

It  will  be  unneceffary  to  go  over  the  ground  already  beaten  fo 
bare  by  Defaguliers  and  his  followers,  though  there  are  fome 
things  which  do  deferve  notice.  The  firft  thing,  is  as  to  the 
degree  of  credit  that  is  to  be  attached  to  the  dodior's  account  of 
"what  pafTed  in  the  fuccefiive  improvements  of  what  was  then, 
and  for  a  long  while  after,  called  the  fire-engine*  No  doubt 
there  were  many  accidental  difcoveries  in  the  improvement  of 
this  as  well  as  other  pieces  of  machinery  ;  and  it  cannot  be  a 
reflexion  on  the  underftanding  of  any  man  when  we  are  told 
that  it  is  in  this  way  that  many,  if  not  moil,  of  our  acquifitions 
in  chemiftry  and  experimental  philofophy  are  brought  to  light  \ 
forcing  themfelves,  as  it  were,  upon  us,  challenging  our  judg- 
ment and  humbling  our  pride.  But  to  proceed. — ^The  dodor  has 
met  with  ah  unhappy  inftance  of  this  fort  when  he  tells  us 
tliat  the  way  of  leathering  the  pi  lion  was  found  out  by  accident, 
■which  he  relates  thus :  **  Having  fcrewed  a  large  broad  piece  of 
leather  to  the  pifton,  which  turned  up  the  fides  of  the  cylinder 
two  or  three  inches,  in  working  it  wore  through  and  cut  that 
piece  from  the  otlier,  which  falling  flat  on  the  pifton  wrought 
"with  its  edge  to  the  cylinder,  and,  having  been  in  a  iongtimefWZS 
worn  very  narrow :  which  being  taken  out,  they  had  the  happy 
difcovcry  whereby  they  found  that  a  bridle  rein,  or  even  a'fott 
thick  piece  of  rope  or  match  going  round,  would  make  the  pifton 
air  and  water  tight."  We  need  not  fay  any  thing  to  the 
praftical  engineer  about  leathering  a  Jfeam-pifiortf  nor  is  it  ne* 
ceiTary  to  comment  on  the  dodder's  acquaintance  with  fteam 
and  leather  in  contaft.  The  next  thing  is  the  refult  of  an 
i^xperiment  made  by  Mr.  Beigliton  to  determine  the  bulk  of 
fuch  fteam  ufually  applied  to  working  a  fire-engine,  in  com- 
parifon  with  the  bulk  of  water  which  produces  it|  which  he 
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makes  out  to  be  as  13338  to  i ;  and  our  bookmaker^  in  their 
expanding  regard  to  the  interefts  of  the  rifing  generation,  hav^ 
quoted  this  experiment  one  editicm  after  another,  till  it  fe 
doubtful  whether  it  will  be  poilible  to  undeceive  them.  Nay^ 
the  editor  of  the  Encyclopedia  Britannica  has  improved  up6^ 
this  eftimate,  and  calls  it  14000  to  i. 

But  let  us  fee  what  it  is  according  to  the  data  we  can  coUeft 
from  Mr.  Beighton's  ftatement.  Griff  cylinder  held  119 
gallons,  wrought  16  ftrokes  per  minute,  and  took  5  pints  of 
water  to  fupply  fteam  for  that  number  of  ftrokes,  each  pint 
containing  38.1  inches.    Now  38.2  >:  5  =  191  inehes  in  5 

191 

pints »  75  =  12,  the  number  of  inches  required  to  make  fteam 

for  I  ftroke.  Then  ii3X282=the  inches  contained  in  the 
cylinder =3 1 866, and  this  divided  by  12  gives  26554-,  the  number 
of  times  the  water  is  rarefied,  or  as  26554-  to  i.  But  this  being  an 
atmofpherical  engine  expofed  to  all  the  defeats  which  we  have 
been  fo  anxious  to  improve,  muft  have  given  a  very  diSerenf  re- 
fult :  this  being  even  more  than  what  may  be  obferved  in  fome  of 
the  moft  improved  engines  of  the  prefent  time.  In  (hort,  little 
dependence  muft  be  placed  on  the  relation  of  experiments  at  fo 
remote  a  period,  or  even  on  the  experiments  themfelves,  being 
in  general  very  loofely  condud^ed.  But  it  feems  rather  fingular 
that  at  the  firft  dawn  of  the  fteam-engine  its  principles  and 
mode  of  operation  (hould  be  related  with  fo  much  more  accuracy 
than  what  fucceeded  it,  or  even  at  any  period  of  improvement  is 
to  be  found  any  where  in  print,  at  leaft  in  this  country. 

However,  we  may  ceafe  our  recurrence  to  thefe  former  times, 
which,  though  they  afforded  examples  of  indefatigable  zeal  and 
ardour  in  the  purfutt  of  a  prime  objed,  yet  we  perceive  little 
iketch  of  thought,  little  difplay  of  genius,  and  a  fond  conclufion 
that  when  one  of  their  favourite  defiderata  had  been  accom- 
pliihed,  there  remained  nothing  more  of  much  confequence 
even  to  wifli  for.  Fridion  and  inertia  were  become  the  moft 
important  objefts  to  be  done  away ;  except  that  fome  diferent 
modes  of  condenfation  had  been  tried,  but  with  little  effefl. 
The  principal  of  them  were  to  keep  the  jet  from  applying  itfelf 
to  the  fides  of  the  cylinder :  for  this  purpofe  a  plate  of  iron  was 
placed  horizontally  over  the  aperture  of  the  injedion-pipe,  fo 
as  to  prevent  the  water  from  ftriking  the  bottom  of  the  pifton, 
and  being  thereby  difperfed  over  the  lower  part  of  the  cylinder: 
but  it  was  found  that  it  would  not  produce  fo  prompt  a  con- 
denfation as  the  general  mode.  Another  mode  was  tried  alfo^ 
which  was  to  form  the  nether  fide  of  the  pifton  into  a  fort  of 
inverted  cup,  nearly  the  whole  area  of  the  pifton,  and  the  jet 
was  thrown  up  into  it.    Thb  produced  a  remarkable  change 
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in  tihe  tempertAufel  of  die  c^inder,  and  preferyed  aU  th€ 
ftdvan^agcs  of  the  former  mode  of  inje^Hon  :  but  no  fucceis  was 
lobt^ned  in  point  of  powejTi  for  the  vacu43m  was  as  incomplete 
^  .before  ;  pccafioned  by  the  fidca  of  the  cylinder  being,  conr 
Aaotly  laved  by  the  water  on  the  pifton,  and  the  temperature  of 
the  cylinder  being  raifed  fo  mueh  above  what  it  was  before.  I9 
the  common  method  of  inje£tion  there  was  an  iiiflanianeous 
gcaeracion  of  vapour  from  the  fides  of  the  cylinder,  which  could 
pot  fail  to  vitiate  the  vacuunp  ;  added  to  that,  the  water  in  the 
pi(^a  wherever  ii  was  a  tight  one  (which  was  feldom  the  c^e) 
greij^  hpt,  and  the  Tapour  carried  off  a  deal  of  heat  i  and  no 
attempts  were  made  to  prevent  thefe  unexpedicd  e^Feds.  Many 
projcfts  were  fuggefted  for  the  improvement  of  boilers,  fomc 
£)f  which  fucceedcdy  and  are  ftili  in  ufe :  but  the  great  obftacle 
iras  referred  to  be  overcome  by* Mr.  Watt. 

It  is  neceflary.  here  to  obfervci  that  hitherto  the  mode  of 
bor^g  eCyliaders  was  the  moft  vile  that  can  be  imagined.  The 
way^  ufually  was,  at  fome  of  our  firft  foundcries,  to  put  tlie 
cylinder  on  a  carriage,  infert  the  cutter  block,  fct  the  mill  ar 
going,  hang  a  cloth  at  the  open  end  to  keep  iii  the  duft, 
^and  let  it  bore  away,  which  it  would  be  doing  on  a  large 
cylinder  for  three  weeks,  or  a  month :  and  if  it  was  tolerably 
fmooth,  it  was  faid  to  be  \vc\\  done.  But  this  was  not  all :  in 
thofe  engines  which  were  dependent  on  the  water  drawn  from 
the  mine  for  the  condenfatioa  of  the  (learn,  the  fides  of  the 
f:ylinder  were  corroded  in  a  few  months  in  fuch  a  manner  that 
no  kind  of  packing  could  keep  the  pi  (Ion  tight ;  and  as  thcfi? 
iiKonveniences  increafed  like  a  fpreading  ulcer,  it  became 
pecefifary  to  ram  the  packing  fo  hard,  as  in  many  cafes  tp 
fuftain  the  whole  preffure  of  the  atmofphere  without  making  one 
Idroke :  ail  the  while  a  cock  of  at  lead  a  round  inch  watcr*way 
from  a  cittern  1 2  feet  high  was  neceflary  to  fuppiy  the  leaking 
of  the  pitton.  This  was  not  the  cafe  in  collieries,  or  any-where 
befide  thofe  mines  the  water  of  which  contained  the  yitrioUc 
acid ;  but  fo  great  was  that  a(  fome  mines,  (hat  wherever  the 
Wa^r  fell  on  the  working  gear,  or  any  other  part  conftru£led  of 
iron,  it  had  ^^  appearance  of  being  faJ>r.icate4  from  copper 
intirely. 

It  was  in  this  ttate  of  things  that  Mr.  Watt  brought  forth  his 
improveipent,  when  he  engaged  to  grant  hcences  to  ufe  his 
engines  for  the  confideration  of  receiving  one  third  part  of  the 
profits  arifing  from  the  abatea>cnt  of  coal  ufually  confiuned  in 
che  miferabie  ttate  of  the  old  engines  ;  and  the  fayings  turned 
out  tq  be  very  advantageous,  but  more  to  him  than  to  the  pro- 
j>rietors  :  for  there  opened  other  channels,  of  expenditure  on  th^ 
pew  engiuef  .which  ^re  not  taken  into  fhe  s^ccquqIi  and  whifi|) 
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the  expence  of  erefHon,  which  was  generally  cent  per  'cent 
above  the  cod  of  the  old  engines ;  and  fecondlj,  the  mortAilj 
expence  for  oiaintainance;  for  as  there  was  a  neceffar]^  dettree 
of  accuracy  to  be  obfenred  in  getting  up  the  various  apparatus 
belonging  to  them,  fo  it  was  neceffary  that  this  accuracy  ihoBld 
he  preferved  :  thic  made  a  difference  in  the  pay  of  thofe  perfons 
xvho  had  the  care  of  the  engines.  To  this  wa»  addecf  a  con- 
fiderable  confumption  of  oil  and  tallow  over  and  above  what 
was  common  to  the  old  way  of  working  ;  fo  that  it  has  been 
more  than  mere  conjedure  that  had  they  the  advantages  of  the 
improvements  in  boring  cylinders  and  in '  fitting  up  the  other 
acting  parts  of  the  engme  on  the  atmofpherical  principle,  they 
would  have  been  benefited  nearly  as  much  as  they  were  by  the 
pew  improvement.  Here  too  we  muft  be  allowed  to  obferve, 
that  much  of  the  merit  afcribed  to  the  fertile  mind  of  Mr.  Watt 
^cally  originated  with  Mr.  John  Wilkinfon,  who  was  always 
foremoft  in  the  improvement  of  any  thing  which  related  to  the 
^ron  foundery.  It  was  there  the  true  method  of  boring  cylinders 
originated,  and  they  were  executed  in  a  manner  which  has  not 
^fince  admitted  of  improvement :  and  whatever  may  be  affirmed 
of  the  eminence  of  Mr.  Watt  as  an  engineer,  it  is  ftill  in  the 
minds  of  fome  yet  in  exiftence  that  the  firft  engines  which  were 
eredied,  particularly  the  Bloomiield  engine,  and  the  engine  at 
Bedworth,  exhibited  but  miferable  fpecimens  of  his  mechanical 
abilities.  This  declaration  is  confirmed  by  his  own  confefTion 
in  his  application  to  the  parliament  for  an  extenfion  of  the  term 
pf  his  patent,  where  he  fays,  **  on  account  of  the  many  diffi- 
culties which  always  arife  in  the  execution  of  fuch  large  and 
complex  machtnes,  and  of  the  long  tim9  requifite  to  m;ike  tlie 
neceffary  trials,  he  could  not  complete  his  intention  until  1774," 
though  he  had  his  patent  in  January,  1769;  nor  muft  it  be 
forgotten,  that  fome  fterling  acknowledgments  are  due  to  Mr. 
Watt's  coadjutors^  of  which  he  availed  himfeif  in  a  region  of 
rare  talents*. 

Nevertheleis,  let  it  be  remarked  that  Mr.  Watt  took  up  th^ 
ivhjcSt  of  improvement  with  a  large  and  important  obie^  in 
view ;  it  was  riot  onjy  to  renovate  the  principle,  but  to  ajmnilate 
^his  moil  gprand  afiemblage  of  philofophical  and  mechanical  (kill 
to  thofe  machines  which,  on  a  fmaller  fcale,  had  hitherto 
^ngroffed  the  talents  q£  our  moft  ingenious  artificer^,  and  been 
ihe  admiration  of  other  nations  wherever  they  came  :  nor  do  wc 

•  Thcfc  obfervations  had  not  come  into  view,  if  it  had  not  been  for 
the  partial,  yea  fulfome,  compUments  paid  to  thia. gentleman  by  ike 
^ncktfit  of  the  artidc^^^fN-ast^M*  in  the  Encyclopedia  Bnuaai€4* 
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mean  to  withhold  the  acknowledgmenti  that  through  his  meant 
it  now  ranks  foremoft  among. the  produ£tions  of  the  philofo* 
phical  or  mechanical  world. 

In  this  ihort  hiftory,  however,  we  muft  not  omit  to  notice 
a  circumfliance  known  but  to  few.  About  the  time  that  Mr» 
Watt  was  engaged  in  bringing  forward  the  improvement  of  the 
engine,  it  occurred  to  Mr.  Gainiborough,  the  paftor  of  a  di£- 
fenting  congregation  at  Hcnly-upon-Thames,  and  brother  to 
the  painter  of  that  name,  that  it  would  be  a  great  improvement 
to  condenfe  the  fteam  in  a  veifel  diftiridl  from  the  cylinder, 
where  the  vacuum  was  formed :  and  he  undertook  a  fet  of 
experiments  to  apply  the  principle  he  had  eftablifhed;  vi4>ich  he 
dlid  by  placing  a  fmall  veflel  by  the  fide  of  the  cylinder,  which 
Was  to  receive  juft  fo  much  fteam  from  the  boiler  as  would 
difcharge  the  air  and  condenfing  water  in  the  fame  manner  as 
was  the  practice  from  the  cylinder  itfelf  in  the  Newcomenian 
method;  that  is,  by  the  fnifting  valve  and  finking  pipe.  In  this 
manner  he  ufed  no  more  fteam  than  was  juft  necefiary  for  that 
particular  purpofe,  which,  at  the  inftant  of  difcharging,  was 
entirely  uncommunicated  with  the  main  cylinder ;  fo  that  the 
cylinder  was  kept  conftantly  as  hot  as  the  fteam  could  make  it. 
Whether  he  clothed  the  cylinder  as  Mr.  Watt  does  is  un- 
certain :  but  his  model  fuccccdcd  fo  well  as  to  induee  fome  of 
the  Cornifli  adventurers  to  fend  their  engineer  to  examine  it ; 
and  the  report  was  fo  favourable  as  induced  an  intention  of 
adopting  it.  This,  however,  was  foon  after  Mr.  Watt  had  bis 
z&  of  parliament  pafled  for  the  cxtenfion  of  his  term ;  and  he 
had  about  the  fame  time  made  propofals  to  the  Corniih  gentle- 
men to  fend  his  engine  into  that  country.  This  neceffarily 
brought  on  a  competition,  in  which  Mr.  Watt  fuccceded ;  but  it 
was  aflertedby  Mr.  Gainfborough,  that  the  mode  of  condenfing 
out  of  the  cylinder  was  communicated  to  Mr.  Watt  by  the 
oflicioui  folly  of  an  acquaintance,  who  was  fully  informed  of 
what  Mr.  Gainfl>orough  had  in  hand.  This  circumftancc,  as 
here  related,  receives  fome  confirmation  by  a  declaration  of  Mr. 
Gainft)orough  the  painter  to  Mr.  S.  More,  late  fecretary  to  the 
Society  for  the  Encouragement  of  the  Arts,  who  gave  the  writer 
of  this  article  the  information ;  and  it  is  well  known  that  Mr. 
Gainfborough  oppofed  the  petition  to  the  houfe  of  commons 
through  the  intereft  of  general  Conway. 

Perhaps  it  may  not  be  unacceptable  to  mention,  that  before 
ihi^  period  an  attempt  was  made  to  drain  the  deep  mines  in . 
Cornwall  by  a  new  application  of  Savery's  engine,  for  which  a 
patent  had  been  obtained  by  Mr.  William  Blakey,  who  pro« 
pofed  to  employ  the  expanfive  force  of  fteam,  with  an  ioter« 
paedium'of  air  between  it  and  the  water :  thic  air  was  to  fctrc 
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as  a  means  of  preventing  the  condenfation  of  tfie  fteam,  hf 
keeping  it  from  coming  in  contadi  with  the  water.     Great  con* 
tention  arofe  among  fome  of  thofe  who  counted  themfelva 
men  of  fcicnce  as  to  the  prafticabllity  of  fuch  a  project :  fom^ 
giving  it  as  their  opinion,  that  if  the  principle  were  to  be  a4-^ 
mitted  it  would  be  very  difficult  to  apply  it  in  mines,  where  it 
would  require  ten  atmofpheres  at  leaft :   while  others,  wit& 
exalted  pretenfions,  declared  it  poffible  to  conduct  its  influence 
to  the  centre  of  the  earth.  But  an  accident  terminated  the  event 
^s  to  this  engine  in  Cornwall,  by  one  of  the  (leam-veflels  burft^ 
ing  through  the  force  of  the  fleam,  though  much  under  the  de- 
gree of  power  required  for  the  end  propofed  to  the  Corni& 
gentlemen.     Tliis  being  the   firfl:  date  of  the  application  of 
Itrong  fteam  to  raifing  water,  and,  by  an  eafy  tranfition,  to  do 
^ny  thing  elfe,  we  {hall  give  a  (ktftch  of  the  boiler  and  fire- 
lace  of  this  engine,  copied  from  the  author's  fmall  tract  on  the 
ubject,  publiflaedin  French  at  the  Hague,  in  1776 ;  (fee  fig.  j, 
pi.  XXI II.)  by  which  it  will  be  feen,  that  the  method  of  ge- 
nerating fteam  lately  publilhisd  in  the  Philofophical  Magazine 
has  been  made  ufe  of  nearly  thirty  years  ago,  and  has  nearly  as 
long  fince  received  its  final  condemnation :  but  fuch  is  the  de* 
generacy  of  man,  that  while  the  Academy  of  Sciences  at  Pans»  ^ 
and  the  delegates  of  the  ftates-general  in  Holland,  were  plum- 
ing the  author  with  the  gaudieft  expreflions  of  their  approbation^ 
not  one  inilance  can  be  found  where  he  received  the  cncourage- 
inent  he  was  led  to  expect. 

But  ftill  this  engine  is  no  other  than  Savery's  engine,  fur- 
ptfhed  with  apparatus  intended  to  open  and  fhut  the  ufual 
communications  by  cocks  and  valves.  The  fame  may  be  faid 
of  Papin's  and  Defaguliers's  engines  ;  they  were  all  nothing  elfe 
than  Savery's,  without  the  advantage  which  Blakey  had  con-p 
nected  to  it ;  and  had  nothing  but  a  mere  nick-name  to  conceal 
jtheir  legitimacy. 

As  to  the  application  of  the  expanfive  power  of  the  fteam  to 
%ht  purpofe  fet  forth  by  Mr.  Blakey,  or  indeed  we  may  fay  by 
Mr.Savery,  it  was  by  no  means  an  impoffible  thing;  but  tne  diffi- 
culty would  not  be  nere  to  obtain  veifels  capable  of  reGfting  the 
aft  ion  of  ten  atmofpheres,  but  how  to  prefcrve  them  in  a  ft  ate 
of  fecurity,  the  decay  of  veflels  placed  in  circumftanccs  like 
thefe,  which  cannot  be  acccffible  to  the  infpedion  of  the  moft 
diligent  attendant,  and  the  conftant  anticipation  o£  probable  evii 
circumftances,  muft  render  life  painful  to  endure.  But  there  is 
another  cafe  which  ought  to  be  noticed,  viz.  the  difficulty  of 
preferving  the  fteam  in  the  degree  of  tem]5erature  by  which  it 
•was  generated  ;  for  it  is  well  known  that  it  is  condenfible  to  ^ 
f  ery  great  degree  by  the  common  temperature  indicated  by  the 
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tliermometct ;  and  this  extent  of  expanfibility  Is  not  to  be  ob- 
tained without  the  acceflion  of  a  fuperadded  quantity  of  heat. 
Then,  unlefs  the  vefTels  in  which  the  fteam  is  to  operate  are 
kept  up  to  that  temperaturei  the  extra  expanfion  is  annihilated. 
"We  have  heard  of  patents  being  pafled  for  this  mode  of  ufing 
fteam;  but  we  never  heard  that  we  were  to  be  forbid  to  ufe  fteam 
of  any  particular  intenfityjcfpccially  where  cafes  quite  unexpeftcd 
have  compelled  engineers  to  the  prompt  ufe  of  it  as  a  neccflary 
expedient;  and  we  fliould  imagine  that,  after  reading  Mri 
"Watt's  fpccification  of  1769,  no  perfon  would  attempt  a  mono- 
poly of  the  ufe  of  fteam  at  any  intenfity  whatever. 

It  ihould  be  obfervcd,  that  in  treating  on  the  principle  and 
operation  of  the  atmofpherical  engine  tliofe  who  have  taken  up 
the  fubjcft  have  done  it  in  a  very  loofe  and  imperfeft  manner, 
fo  far  as  relates  to  the  power  and  effeft ;  accounting  for  the 
lofs  of  the  former  and  want  of  the  latter  from  falfc  prcmifes : 
but  we  (Iiall  adjuft  that  matter  in  a  review  of  what  has  been 
publiflied  in  the  Encyclopedia  Britannica,  of  the  improvement 
of  the  fteam-engine  by  Mr.  Watt.  This  article  Teems  to  have 
been  written  for  a  different  purpofe  than  merely  to  inform  the 
public  of  the  gradations  and  accidents  by  which  Mr.  "Watt  ac- 
compliflied  his  projefted  improvement ;  and  either  the  writer 
mufl  have  been  mifmformed,  or  he  had  greatly  mifunderftood 
the  fubjcfl. 

It  has  been  an  egregious  error  among  thofe  who  have  taken 
upon  them  to  difcriminate  the  defefts  of  Newcomen's  engine,  by 
cxprcfilng  the  effcft  for  the  power,  faying,  that  the  application 
of  the  principle  to  the  purpofe  of  pumping,  &c.  will  not  admit 
of  more  than  feven  or  at  moft  feven  and  one-half  pounds  per 
inch  in  the  area  of  the  pifton :  but  this  is  evidently  a  loofe  un- 
guarded expreflion  ;  for  it  is  well  known,  that  by  attending  to 
the  various  lifts  of  pumps  in  the  engine-ftiaft  of  a  coal  or  a 
copper  mine,  taking  into  the  account  the  altitudes  and  the  dia- 
meters, the  fridiion  of  tlie  buckets,  and  the  water  on  the  fides 
of  the  pumps,  the  opening  of  llrong  double-leathered  valves*' 
together  with  the  ftoncs  and  gravel  that  enter  at  the  foot  of  the 
pumpj  the  inertia  of  the  pump-rods,  the  chains,  the  malEve 
lever  placed  between  tlie  cylinder  and  the  pumps,  all  operating 
againft  this  feven  and  one-half  pound,  ?/*//  ivt^re  orilyjb,  muft  • 
have  produced  a  very  diiFerent  efFtft  to  what  has  been  done. 
The  fcift  is,  that  with  all  thefe  impediments,  added  to  the  fric- 
tion of  the  pi'fton  in  a  very  bad  cylinder,  the  columns  of  water" 
Wy  have  been  equal  to  fc\en  and  onc-hnlf  pounds  per  fqu^re 
inch  on  the  pitlon.     This  could  not  have  been  accomplilhod  b^ 
fach  a  vacuum  as  afforded  only  a  preflurc  of  feven  and  one-half 
pound's  pjr  fquare  inch  on "tht  pifton.  •         ,       ' 


Atmojpherical  Steam-Ettgirus,  i65f 

This  has  alfo  been  the  outcry  againft  the  various  attempts  ta 
improve  boilers  and  fire-places ;  and  rhe  queftion  ufually  was, 
on  the  report  of  fuch  a  new  boiler  being  fet|  **  How  many 
pounds  do  you  get  to  the  inch  ?"  Surely  it  cannot  but  excite 
admiration,  that  the  queftion  feldom  or  ever  came  to,  **  What 
can  you  do  with  a  chaldron  of  coals  ?" 

Another  fubjeft  of  complaint  has  been  the  neceffity  of  a 
counter-weight  to  return  the  pifton  for  another  ftroke :  this  has 
been  very  ferioufly  difcufled  by  many  who  have  had  opportu- 
nities of  feeing  an  engine  in  their  fummer's  tour  ;  arid  very  in* 
genieus  formula  have  been  invented  to  enable  the  pra£iical  en- 
gineer to  come  at  the  maximum  of  cfFecl  in  engines  particu- 
larly circumftanced  in  this  refpeft  :  and  we  are  congratulated 
on  the  annihilation  of  the  injurious  effefls  attendant  on  thij 
matter  in  the  old  engines  by  the  improvejnents  of  Mr.  Watt. 

We  are  by  no  means  difpofed  to  detra£l  one  atom  from  the 
advantages  refulting  to  the  community  through  the  perfeftiori 
of  Mr.  Watt's  engine  :  but  we  fee  it  made  ufc  of  for  invidious 
purpofes ;  not  to  elevate  Mr.  Watt  above  his  inherent  merit, 
but  to  fubordinate  every  other  profeflional  man  in  the  fcale  of 
comparifon,  to  rcprcfs  the  energies  of  his  cotemporaries,  and 
give  a  deadly  blow  to  competition. 

The  operation  of  the  counter-weight  in  the  atmofpherical 
engine  is  not  afieded  in  the  manner  this  writer  has  fet  forth  : 
it  may  be  fo,  indeed,  in  an  engine  conftrufted  on  purpofe  for 
amufement  or  experiment  j  but  we  have  to  do  only  with  en- 
gines prepared  to  fome  important  execution,  many  particulars  of 
which  muft  fubmit  to  exifting  circumftances. 

If  we  underftand  the  precife  meaning  of  the  writer  of  this 
article  in  the  Encyclopedia  Britannica,  it  is,  that  in  atmofphe- 
rical engines  the  weight  on  tlie  outer  end  of  the  lever  is  em- 
ployed to  overcome  part  of  the  prcflure  of  the  atmofphere  at  the  ^ 
return  of  the  ftroke  of  the  engine  :  that  is  not  the  cafe;  and  we 
muft  fij-ft  of  all  confider  what  is  the  defign  of  the  engineer  in 
giving  or  allowing  a  preponderance  to  that  end  of  the  lever.  It 
is  fimply  that  the  buckets  may  defcend,  and  the  pifton  may  rife 
without  any  further  combination  of  apparatus  empldj^ed  fot 
that  purpofe.  Now  let  us  obfcrve  its  operation  in  an  engine 
juft  ere^cd  \  in  which  cafe  the  mathematician  and  the  unlet- 
tered artift  ftand  on  the  fame  level  in  eftimating  the  quantum 
of  outfide  ballaft  for  the  engine,  with  the  water  already  up  to 
the  lop  of  the  punvps,  or  in  other  words  to  the  level  of  the 
adit.  But  the  ftcam  being  admitted  into  the  cylinder,  the  ope- 
rator fiiQts  the  fteam-cock,  and  without  any  injedltion  the  en« 
gine  makes  a  firft  ftroke,  though  very  quietly  :  perhaps  he  then 
gives  ftcam  again  to  the  cylinder,  and  according  as  he  feels  the 
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fifton^s  tendency  to  tife,  he  fuits  hh  judgitent  to  tKe  degree  of 
opening  in  tbe  cock :  if  it  rifes  too  slow^  he  puts  old  iroxr 
^  (lones  upon  the  pump  end  ol  the  lever ;  and  if  it  rifes  too 
^ick»  he  places  thefe  weights  on  the  inner  end«  Here  then  are 
lJ>tce  important  circuixiftances  to  be  attended  to  in  this  regula- 
tion :  firit,  that  the  pump-buckets  Ihall  defcend,  but  without 
fitch  force  as  ftaU  endanger  the  breaking  of  the  pump-rods ; 
iecondly^  that  this  defcent  ihall  neverthelefs  be  as  quick  as  pof- 
$bk ;  but)  thirdly,  that  it  ihaU  not  impede  the  difchareing 
fundiions  of  the  engine  :  and  here  are  three  cafes  before  which 
the  vulgar  ftoker  may  turn  up  his  nofe  at  the  acuteft  mathema- 
tician in  the  world  ;  cafes  to  which  the  Jiigher  powers  of  the 
kuman  mind  muft  bend  in  filent  fubjefiion  to  mere  mechanical 
inftinft.  . 

It  is  the  iirft  objed  (when  an  engine  is  ereded  on  a  mine), 
to  get  out  the  water  with  the  leaft  delay  poilible ;  and  at  this 
time  the  engine  goes  ding  dong,  night  and^day :  but  as. the  water 
gsts  down,  this  counter-weight  muft  be  adjufted,  if  the  rods 
vere  hung  on  for  more  than  one  lift  of  pumps :  the  principal 
thing  within  the  engine  indicating  the  neceflity  of  this  adjuft- 
inent  is  the  difchmrging  of  the  engine,  getting  rid  of  the  air  and 
amdenjing  water ;  and  unlefs  thefe  are  performed  pundually 
the  engine  ibon  ceafes  to  work.  Now,  neither  the  air  nor  the 
waiter  can  be  difcharged  inftantaneoufly,  but  require  a  certain 
time  in  proportion  to  the  quantity  of  each  and  the  degree  of 
itrength  in  the  fteam  ;  and  therefore  the  pifton  muft  not  rife  fo 
quick  as  to  prevent  the  fteam's  a£lion  on  the  air  and  condenfing 
water,  which  it  will  do  when  the  engine  is  thus  employed,  and 
<he  fteam  is  low ;  for  if  the  pifton  afcends  fafter  than  tne  boiler 
Xupplies  there  can  be  no  difcharge,  and  after  a  ftroke  or  two  the 
engine  will  ftop. 

Now,  then,  let  us  fee  how  far  this  counter-weight  has  to  do 
with  "  overcoming  the  unbalanced  part  of  the  preffure  bf  the 
atmofphere/'  It  is  granted  on  all  hands,  that  working  fteam 
-Biuft  more  than  balance  the  preffure  of  the  atmofphere ;  and 
where  this  is  not  the  cafe  (except  in  very  lightly  burdened  en- 
gines) the  engine  will  ftop,  as  juft  now  obfcrved  j  yet  not  by 
want  of  any  thing  to  balance  the  atmofpheric  preffure  on  the 
.ptftQP,  but  for  want  of  "ileam  ftropg  enough  to  difcharge  by  : 
for  let  the  counter-weight  be  ever  fb  fmall  (and  in  engines  hea- 
vily loaded  we  are  obliged  to  Jet  the  piimp*end  preponderate 
•but  ilowly),  unlefs  the  engine  is  a  very  bad  one,  a  mcderate 
.fupply  of  fteam  will  reftore  the  equilibrium  :  nay  even  no  ft^eam 
.at  ally  if  a  fpigot  is  taken  out  of  the  flanch  piece  at  the  feiftiog 
clack,  to  let  in  the  air. 

.  But  without  any  reflefUon  on  the  application  of  fteaqii  on 
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the  piftl>n,  'vrfiich  we  ate  giren  to  underftand  is  one  ground  of 
fuperiority  over  the  atmofpherial  engine,  there  is  an  advanta^ 
in  the  atmofpherial  engine  in  this  pointy  of  view  which  Mt.^ 
Watt's  fingle  engines  cannot  admit. 

It  is  well  known,  that  when  a  mine  is  going  down,  and  the 
engine-fliaft  is  conftituted  to  receive  all  the  water  £rom  different 
parts  of  the  mine,  that  the  gait  of  the  engine  nmft  depend  o» 
the  uniform  influx  of  the  water,  and  the  engine  muft  be  fo 
nicely  regulated  to  this  quantity  of  water  as  that  it  muft  fup  it  up ' 
at  every  ftroke.  Now,  if  this  fupping  is  violent,  the  air  which 
enters  at  the  conclufion  of  the  ftroke  will,  at  the  rettnrn  of  the 
buckets,  blow  a  deal  of  the  water  out  of  the  pumps,  which  will 
fall  to  the  bottom,  and  become  fo  incommodious  as  to  prevent 
the  miners  from  working  ;  and  on  the  other  hand,  if  the  ilrokes 
of  the  engine  are  not  quick  enough  the  water  will  gain  oa 
the  men,  and  they  muft  give  over  working. 

Now  the  old  engine  man  can  retard  or  accelerate  the  ftroket 
of  the  engine,  merely  by  the  regulation  of  the  fire  ;  for,  if  the 
engine  fliould  return  too  quick  he  lets  down  the  damper,  and 
if  it  is  too  flow  he  raifes  the  damper :  by  thefe  means,  he  czm 
vary  the  aAion  of  the  fteam  on  the  nether  fide  of  the  piftoa 
from  o  to  2  pounds  pn  the  inch  over  the  prefliire  of  the  atmo- 
fphere,  which  in  a  fixty-inch  cylinder  will  be  from  o  to  7200 
pounds  :  this  cannot  be  done  in  the  new  engine ;  for  the  pifton 
rifes  in  one  uniform  medium.  Thus  is  this  counter-weight  re- 
lieved from  the  charge  of  hinderance  to  the  engine,  and  proves 
.  to  be  of  importance  rather  than  impediment  ^  particularly  whea 
It  may  be  depended  on  that  it  may  be  fo  adjufted  as  to  admit 
the  elafticity  of  fteam  to  have  a  great  (hare  in  the  power  of  the 
engine :  for  let  the  counter- weight  be  fo  adjufted  as  to  leave 
all  in  equilibrium ;  then  it  is  manifeft,  if  the  engine  will  work 
at  all,  it  muft  be  by  the  elaftic  force  of  the  fteam  ading  on  the 
under  fide  of  the  pifton :  and  to  compenfate  that  quantity  of 
fteam  we  have  '(he  fuperabundant  weight  on  the  pifton- end  of 
the  lever  to  zSt  in  concert  with  the  preflure  of  the  atmofphere  ; 
which  in  the  cafe  ftated  above,  in  a  cylinder  of  60  inches  dia- 
meter, may  be  fo  much  as  7200  pounds. 

Concerning  the  ftate  of  the  vacuum  in  the  old  engines  we 
'know  but  little;  but  it  muft  be  coniiderably  more  than  has  been 
fuggcfted :  for  an  engine  carrying  a  load  of  7^  pounds  on  the 
fquare  iriMi  of  the  pifton,  together  with  the  friGion  and  inertia, 
efpecially  in  large  engines,  can  hardly  be  lefs  than  14.  pounds  00 
the  inch. 

The  writer  of  this  article,  about  thirty  years  ago,  tried  the  va- 
cuum of  feveral  engines  in  the  county  of  Cornwall ;  and  one  which 
vas  reckoned  the  leaft  brought  the  gauge  to  23,  and  fomctimes 
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14.  If  we  take  the  extreme,  it  will  be  11.^  poUada  on*  the. 
fquare  inch :  but  that  is  not  enough  to  work  an  engine  with 
that  load,  taking  in  the  other  confidefations  ;  and  we  have  no; 
hcHtation  in  faying,  that  where  engines  have  raifed  a  column  o( 
water  equal  to  7^  pounds  on  the  inch  of  the  pifton  it  mud  have 
little  inertia  and  friAion,  or  it  muft  be  laid  to  the  account  of 
the  aforef'iid  impulfe  of  the  fleam  in  elevating  the  pifton. 

This  was  one  way  which  Mr.  Gainfborougb  propofed  to 
increafe  the  power  of  an  engine  then  erected  in  the  county  of 
Cornwall,  in  a  mine  which  ftood  in  need  of  fome  prompt  a£* 
fiftance :  but  the  timid  had  the  majority;  and  Mr.  Gainfborough 
having  it  not  to  boaft.that  he  had  ereded  feverai  large  engines 
as  fpecimens  of  his  invention;  could  not  come  forward  with 
the  fame  confidence  and  fuccefs  as  Mr.  Watt.  But  had 'Mr. 
Gainfborough  fucceeded  to  have  a  fair  experiment  with  a  good 
cylinder,  and  have  accepted  a  reafonable  premium,  Mr.  Watt's 
engines  would  not  have  obtained  the  degree  of  celebrity  they  (b 
ibofn  acquired  in  rhat  county. 

Since  the  application  of  the  fleam-engine  to  the  purpofes  of 
giving  motion  to  millrwork,  it  has  been  a  defideratum  to  main* 
tain  an  uniform  force  or  a^on  on  the  crank,  in  order  to-  have 
the  fame  cSe6t  on  the  fly. 

When  the  engine  was  firft  applied  for  the  purpofes  of  rota- 
tion, it  had  not  then  the  advantage  it  has  at  prefent  of  the 
double  flroke ;  and  the  mode  of  equalifing  (as  near  as  could  be 
in  thofe  circumflances)  the  working  and  returning  ilrokes  was 
by  making  the  rod  which  connected  the  engine  and  the  mill  to- 
gether (and  flill  called  the  conneding  rod)  equal  to  half  the 
power  of  the  engine,  being  of  catt-iron  ;  and  when  the  weight 
was  not  in  the  rod,  it  was  laid  on  the  lever  at  that  end :  but 
this  could  not  well  apply  by  the  old  engine,  except  in  cafes 
where  the  work  was  nearly  the  fame  throughout  the  day ;  for 
as  the  difcharging  muil  be  performed  at  every  flroke,  it  would 
require  a  quantum  of  fleam  proportionate  thereto,  and  that  in- 
variably ;  io  that  in  breweries,  and  thofe  works  which. demanded 
attention  to  varying  refiflance,  this  could  not  apply  ;  for  whea 
they  had  (truck  off  the  grinding,  for  inflancc,  if  fomething  did 
not  operate  to  retard  the  effe£l  of  the  counter- weight,  the  en- 
gine would  increafe  in  its  gait  beyond  all  bounds,  fo  as  to 
work  itfelf  to  pieces :  and  as  the  only  remedy  was  to  check 
the  quantity  of  fleam  at  the  returning  ftroke,  Co  the  dif- 
charge  mull  be  interrupted,  and  the  engine  muft  ftop.  But 
Mr.  Watt's  fingle  engine  accommodated  this  circumftance, 
from  the  mode  of  difcharging  being  conftant,  and  not  poffible 
la  be  cfTefted  by  the  work  applied  to  it,  be  it  uniform  or  vi- 
riable :  hence  to  leflen  the  moinentum  of  the  rod  it  was  only 


jcheck  the  etttvance-.of  the  fteanit  by  any  cdnlriTance  tha)( 
would  prevent  the  pleaum  valve  from  opening  to  Us,  greateft 
limit*  .  ■  \ 

One  mode  of  giving  a  uniform  a£lion  on  the  crank  was  at* 
tempted  in  an  engine  ere&ed  about  nine  years  fince  at  the 
brewery  of  Meffrs.  M^ix  and  Co.^  where  the  power  was  at  a 
eonftant  diftaiice  from  the  centre  of  the  lever,  while  the  othei 
end,  which  was  conne£^d.to  the  crank  by  the  conne&i^g-rodi 
varied  nearly  its  whole  Length. 

This  engine  had  two  cylii^ders  in  alternate  a^Bon  on  a  band<« 
wheel  by  means  of  two  chains.  The  wheel  which  carried  the 
conneif^inf^rod  was  fixed  pn  the  fame  ihaft  with  the  band* 
wheel,  and  had  a  pift  near  its  periphery  on  which  .thecon^ 
ne&iog-Tod  was  attached.  This  pin  traverfed  about  120°  of  the, 
whole  circle,  and  may  be  denominated  the  end  of  the  lev.ert 
which)  in  its  a&ion  upward  and  downward,  acceded  and  re* 
ced^  to  and  from  the  centre  of  motion  i  and  had  it  traverioA 
through  the  remainder  of  the  femicircle  it  would  then  have 
preiTed  on  the  crank,  proportionate  to  the  fines  of  every  angle 
jt  makes  in  its*  revolution.  But  confidering  the  infinite  prefiiiTe 
on  this  pin  in  the  crank-wheel,  it  would  have  demanded  a  d^ 

gree  of  ftrengtbat  that  part,  which  would  htv^  been  prepo^ 
erous  compared  with  the  reft  of  the  work*    See  the  ficetch  of 
this  contrivance  at  fig*  13.  pi.  XXX. 

This  ei^ine  has  its  merits  and  its,  defe£is :  ic  is  fubjeA  to  a 
deal  of  fri^ion,  by  having  double  cylinders,  .and  their  append- 
ages ;  and  unlefs  the  .communication  between  the  cylinders  i^ 
clothed  with  the  beft  materials  for  that  purpofe,  a  mii  lois  of 
heat  mui^^enfue.  From  thesunfinilhed  ftate  in  which  theen^ 
gineer  left  it,  and. the  prejudices. of  the  proprietor,  and  the. 
people  he  employs  about  it,  we  can  hardly  imagine  that  it  can 
have  derived  much  advantage^  but. the  work  ufually  laid  on  it 
was>  the  grinding  with  four,  pairs  of  ft  ones,  the  liquor*  pump, 
houfewater-pump)  flanding*pump,  beer«pnmp,  wort-punapy 
malhing-inachine,  bcfide  fack-»tackle,  all  at  once,  and  a  very 
extenfive  communication  by  vertical  and  horizontal  ihafts,  ta 
which  alome  the  eS&Qi  was  equal  to  thirty-eight  horfes,  accord* 
ing  t9  Boulton  and  Wat^^s  eftimate.  Its  form  was  fuch  as  to  ad* 
mit  an  appearance  of  novelty  and  elegance ;  and  might  have  been 
(o  modified  as  to  abridge  much  of.  the  principal  defed,  had  it 
not  be(hi  for  the  glorious. uncertainty  of  the  law* 

If  ic  had  not  been  for  the  negligent  .manner  of  delinoating  and 
explaining  the  principles  of  IVir*  Watt's  engine  in  the  Endyclo* 
pedia  Britannica,  we  needed  not  have  gone  any  further,  into 
the  matter  than  merely  to  particularife  fome  circumftances 
which  chance  or  defign  is  fecmingly  always  calling  forth  at  tfata 
VOL.  II.  an' 
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period  df  philofephicitl  inqoirf :  but  l0f  any  juAidcn^  mechaiilr 
look  at  the  pbte  contaiiMig'  Mr.  Watt's  eogiiie  in  that  Encj^ 
clopedia,  and  then  let  him  ride  from  Berwick- upoa^Tweed  tgi 
the  Land's^end,  and  fee  if  Ee  can  find  fuch  an  ones  or  if  he  can 
hear  tell  of  fuch  an  one  being  creded  any-wbere^ 
'  If  tre  are  right  in  dur  conje&ures,  thr$  fly  at  the  pifton-end 
of  the  lever,  together  with  many  other  fanciful  and  ridiculoM#' 
^roiedS)  were  inftituted  to  equalise  the  a£lion  o{  the  fteam 
in  Its  ezpanfive  force  on  the  pifton,  according  to  the  difco^ 
very  noticed  by  Mr.  Watt's  faUtoriographet  at  No.  70t  article 
Steam-engine :  all  which  may  be  Kiund  in  the  RoUs  chapely 
where  Mr:  Watt's  fecond  fpedfication  on  fteam-enginesis  fafely 
^cpofited.  But  if  this  drawing  is  given  as  a  fpecimen  of  the  tiif 
genuity  of  the  inventort  it  muit  have  been  intended  acewdjba^ 
to  the  inverfe  ratio  of  things.  ' 

We  fiiatl  therefore  prefent  our  readers  with  a  genuine  appli- 

cation  of  the  principle  of  Mr.  Watt's  engine,  as*  far  as  is  pof- 

4ble  in  a  work  of  this  extent.   But  the  whole  volume  would  not 

Jiave  aibrded  fpace  fufficient  to  develope  and  exemplify  many 

particulars  which  muft  pais  unnoticed  here  \  not  on  account  of 

their  infigniflcance,  for  the  fmalleft  pacts  are  to  the  whole  a^ 

tht  hand  or  the  foot  to  the  bodj :  but  it  will  be  neceffary  to  ob- 

ierve  here,  that  within  thefe  nve-and-twenty  years  wjs  havea 

fpecies  of  fteam-engine  invented,  which  .until  then  was  not 

known ;  and  that  is  the  fteam-engioe  applied  to  produce  a  ro^ 

tative  motion  from  a  reciprocating  one,  whereas  the  other  i^ 

applied  principally  to  pumping  water  from  mines>  &c.  >  and 

each  will  require  a  diftin6l  conuderatipn.    The  engines  ufually 

ereded  for  drawing  water  have  been  wkat^re  texmtA^ngh  en- 

^neS(  though  there  are  not  Mranting  inftai^s  (plough  wheie 

the  SiMi  engines  have  been  applied  to  that  purpofe ;  foroc  of 

which  we  have  feen  fo  unwieldy  and  coqapUcated,  that  it  feemed 

to  ns  like  the  fpoit  of  geuiua  having  nothing  elfeip  do.    It  19 

true  it  was  in  a  htitude  where  money  b^af#  no  ^mparifpn  with- 

.the  callar  of  the  moment,  and  where  beauty  aqd  fimplscity  have 

UDO  charms.   zBst  while  we  touiJi  as  lastly  as  j>^i&lAe  on  ipany 

-Other  particulars,  wemuft  cenfure  exceedingly  that jmormoua 

.aficmbhge  of  matcMis  which,  even  in  a  ftate  orrc^  bnd  pow* 

erfuUy  to  cnifii  each  other ;  but  wiien.pfint  intp  jtnptio^.by  fwph 

a  paweifiDl  "agent,,  the  relaxation  o£  ,wlii$l|  Spends  on  the  coi^ 

nedion  of  a  wooden  pin  perhaps,  or  a  ftrap  of  leather,  wd  dc^n 

it  not  inobnfthmi  with  the  pvovinoe  of.^an  engiaflsf  tOiaifign  a 

;limitaUe  magnttude  to  machinery  of  this  fort^^vrilhoilt' being  &- 

^lisiied  pithe  p^4i(£licVbilitypf  the  aecompKfhinem:  k  id^ft  darinr 

^iM^^q|^.arjLupoa4atui^^  foi*  the  former  m^  W^  the^  ^n^i^ 

of  pilitig  togetfaoTtunatufetos  not  the.  Ul^  f»(9i^y  |9.f  T^®ry|ag 


teitur^i  compbnentjt  ^lfibiHty«*  &€c,  efpeciaHy  under  pt^ 
fure  aod  agitatt^n«  l;ke  what  b  to  b«  obfenred  in  a  double  en* 
gine  of  a  fixty^Hx  inch  cylinder  * ;  yet  it  is  reccnrded  in  the  £n« 
cyclopectia  Brttannica^  that  the  engine  at  the  Albion  Mills* 
though  the  largeft  in  the  kingdonii  had  its  moveoKnts  fo  judi* 
cioufly  contrived  and  fo  nicely  escecuted,  that  not  the  lekft  noifc 
'was  heafdj  nor  the  flighteft  tremor  felt  in  the  building  III 

In  giTing  ^  dear  explanation  of  the  principle  of  this  machine^ 
it  wtU  be  neceflary  to  deviate  from  theprecifia  difpofition  of  the 
parts  as  they  are  ufually  put  together:  but  in  fig.  u  pL  XXX* 
this  deviation  is  yery  little,  and  reprefents  a  fingle  engine.  A  th» 
tyKnder  in  ^hicfa  the  pifton  movesy  B  the  fteam-pipei  D  the 
condenfer^  £  the  difcbarging-pump)  F  a  bottom  oommon  to  th« 

tump  and  condenfer^  in  which  isr  an  occafional  communiauioa 
y  a  bansing  valve  at  F :  ^  is  a  vaiye.  to  be  lifted  by  the  engine 
at  every  Sroke^  for  the  purpofe  of  condenfing  the.  fteam ;  A  is 
a  valve  placed  outfide  the  ciftern  (of  which  M^Mit'  is  a  fit^iioa 
on  pwrpofe  to  ibew  the  contenta),  bat  cemmumcates  only  with 
the  condenier  by  a  pipe  pafBng  through  the  fide  of  the  ciftem^ 
and  is  inferted  at  the  fide  of  the  condenfer  y  iis  a  vaWe  to  be 
lifted  by  the  enginej  and  opens  a  communication  between  the 
cylinder  and  the  condenfer  $  i  is  a  valve  to  be  lifted  by  the  en- 
ginci  and  open^  a  Qommunication  between  the.  16wer  part  of 
the  cylinder  and  the  fteam-pipe  f  and  /  is  alfo  a  valve  of  the  fame 
kind,  opening  a  paSige  from  the  boiler  to  all  parts  of  the 
engine. 

The  pifton-rod)  which  is  here  broken  off  at  m,  is  conneded 
by  a  chain  to  the  lever  or  beam,  which  is  fitpported  on  a  wall 
of  good  mafonry,  with  proper  pivot*blocks  for  fupport  to  the 
gudgeons  i  and  as  this  kind  of  engine  is  ufually  employed  for 
pumping  water,  another  let  of  chains  at  the  other  end  of  the 
beam  is  appropriated  to  conne^i  to  die  pump-rods. 

Then  to  fet  the  engine  to  work,  the  firft  thing  is  to  lift  the 
three  valves  i,  I,  and  /  (for  which  there  are  apparatus  too  mu 
tiute  to  lay  down  on  this  fcale) ;  thefe  bein^  opened,  the  fteam 
occupies  every  cavity  and  crevice  of  the  engine,  and  in  a  little 
while  difplaces  all  the  air  in  the  cylinder,  condenfer,  &c.  jfhidi 
is  difcharged  at  the  valve  A :  this  valve  h  always  covered  widx 
water  in  a  finall  ciftetn  attached  to  the  fide  of  the  large  ope ; 
for  it  is  hardly  in' die  power  of  ait  to  £t  it  to  that  degree  of  ^c« 

•  It  is  bettflf  hi  maayiefacAs  4o  have  twomodaate  fssd  engi^fs  • 
dbao  one  of  <bde  nimieldf  tmngs^btit  particuUrly  for  managepient  axid 
dmability.  It  is  with  r^^ret  nre  r^oolU^  aa  error  of  tbit  kind  by  one  qF 
the  firft  engineerf  tfaiip^untry  ever  £iw,  where  he  ereifted  one  of  tfa oft 
machines,  toe  lever  of  i^idi  was  fo  Urge  ai  woul<}feqtrife-  a  eyliader 
cqaaltetlie{>ewcr€l#«av4ah0rfestegivaitaiotiQa^       . 

»B2 
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curacy  as  to  eofure  its  tightnefs :  but  here  the  air  is  difchargedf 
at  firft  fetttng  the  engine  to  work ;  and  this  valve  is  called  thd 
Mhi/i/i^  valve.  When  the  cylinder  and  other  vefiels  are  properly 
heated  and  the  air  difcharged,  which  is  well  known  by  a  very 
finart  crackling  noife  at  that  valve,  like  a  violent  decrepitation 
ef  fait  in  a  fire  * :  thefe  valves  k  and  i  are  to  be  (hut  \  and  after 
waiting  a  few  fecondsy  gently  open  the  valve  i;  and  if  the  en* 
gine  does  not  movci  the  inje£lion-valve  g  muft  be  opened  a 
little  f ;  and  if  the  engine  does  not  move,  then  the  operation  o( 
blowing  muft  be  performed  again,  though  but  for  a  few  feconds^ 
and  the  engine  in  general  will  gd  off  fmartly  X* 

In  treating  on  this  fubject,  it  is  neceflary  to  obferve,  that  if 
we  were  to  attempt  a  thorough  information  to  the  various 
clafles  of  readers  into  whofe  hands  this  may  come,  it  muft 
have  been  taken  up  on  a  fcale  of  greater  magnitude  than  what 
is  confiftent  with  the  plan  of  this  publication  :  v^e  muft  there- 
fore  fuppofe  our  readers  are  not  entirely  ignorant  of  the  general 
outline  of  this  invention ;  to  fuch  readers  only  will  thefe  expla<* 
Bations  be  of  any  importance-. 

•  In  all  engines  on  this  principle,  it  is  neceflary  that  the  parti 
appropriated  to  condenfation  of  the  fteam  ihould  be  kept  aa  cold 
as  poflible,  and  that  thofe  parts  intended  for  the  operation  or 
paffage  of  the  fteam  be  kept  as  hot  as  poftible :  hence  the  dif-* 
charging-pump  §  and  condenfer  are  placed  in  a  ciftem  of  cold 
water  l^pt  conftantly  full,  and  a  little  running  away ;  and  il 
the  injedt ion- valve  is  placed  low  in  this  ciftcrn,  it  will  take 
the  water  in  the  coldeft  ft  ate..  See  the  injedion-cock  in  fig.  2. 

As  the  condenfer  is  imnierfed  in  water  to  be  kept  cold,  fo 
the  cylinder  (hould  if  poffible  be  imnierfed  in  Aeam  to  be  kept 
Kot :  for  which  purpofe  Mr.  Watt  formerly  ufcd  a  cafing  round 
Ihe  cylinder,  and  at  the  top  and  bottom ;  and  this  would  have 

'  *  This  noife  is  occafioned  by  the  air  being  aU  gone,  and  the  water  pro- 
ducing a  fudden  and  rapid  condenfation  of  the  fteam. 

t  The  valve  /  being  opened,  there  is  a  paffage  made  from  the  cyb'nder 
lo  the  condenfer  ;  but  on  account  of  long  blowing,  the  fides  of  die  con- 
denfer become  hot,  and  the  water  in  the  ciftcrn  hot  likewife :  fo  that  the 
condefiiiition  muft  needs  be  very  flow,  eren  at  the  firft  inje^ion  of  the 
ivater  into  the  condenfer. 

.  i  We  believe,  that  until  Mr.  Watt  went  into  Cornwall,  this  blowing 
valve  had  never  bet^n  applied  to  any  of  his  engines,  it  being  the  ufual 
method  to  pump  out  the  air  by  a  temporary  brake  attached  to  the  dii^ 
charging-pump;  and  that  this  valve  was  firft  applied  by  Mr.  Horn- 
blower  at  an  engine  on  a  mine  called  Ting  Toog ;  wfcicfa  engine  he  put 
up  for  the  proprietors  of  the  <u}ork%  not  for  Meflrs.  Boultoa  and  Watt. 

•  §  We  choole  to  call  it  thus  &om  the  nature  of  its  office.  It  dlfi^aaqgea 
all  whatever  comes  into  the.  engine,  but  efpedally  the  water  and  the 
aia^  and  itis  np  more  an  air-pump  than  it  is  a  water-pump,  caLchtfiveiy  t 
in  faa,  it  is  both%' 
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attended  with'yery  beneficial  efieds  if  it  did  not  enlarge 
the  (team  furfacei  and  -expoCe  it  to^  a  more  rapid  condenfation 
when  it  ought  to  be  preferved ;  for  to  have  the  vacuain  as  per- 
iled as  poffible^  it  is  necefiary  that  the  cylinder  be  kept  up  to 
fucfa  a  temperature  as  to  prevent  the  leaft'  condenfation  on  the 
internal  furface  either  above  or  below  the  pifton :  becaufe,  if 
the  fides  of  the  cylinder  were  to  be  wet,  as  in  the  common  at* 
mofpherical  engincy  the  vacuum  would  be  vitiated,  as  it  is  there 
eccafioned  by  this  wetnefs  or  moifture  gradually  forming  tQ 
>  fteam,  which  the  outfide  cafing  prevents,  being  filled  with  (team 
from  the  boiler.  But  if  it  were  poflible  to  cover  thfs  outW9r4^ 
cafe  with  any  fort  of  fubftahce  which  would  entirely  prevent  the 
tranfmiffion  of  heat  foir  that  cafing^  it  would,  fuperfede  the  ufe 
of  the  cafing  altogether,  and  would  apply  with  more  advantage 
to  the  cylinder  itfelf.  But  we  do  not  know  of  any  fubftance 
which  will  not  admit  this  tranfmiffion  more  or  lefs.  They  whd 
wifli  for  information  on  this  fubje£l  may  find  it  in  count  Ruoi* 
ferd^s  Eflays. 

But  the  firft  circumftancer  of  importance  to  the  proportion  and 
difpofition  of  the  feveral  parts,  is  the  folidity  of  the  veflels  and  the 
perfection  of  the  joints.    Copper  tubes  are  apt  to  be  unfound  at 
the  feams,  and  other  parts  which  are  required  to  be  bent  out 
of  a  right  line ;  and  iron  callings,  which  require  any  parti- 
cular fort  of  ftay  in  the  moulding  to  keep  the  core  from  the  out* 
fide,  as  thefe  frays  are  made  moftly  of  wrought  iron,  they  cod- 
ttzGt  more  in  cooling  than  the  caft-iron  does  about  them,  even 
fo  as  to  become  loole  fometimes ;  in  fuch  cafes,  it  is  unutter* 
ably  perplexing  to  find  out  the  placSes  or  caufe  of  this  defec- 
tion \  the  joints  are  fufpe£led  for  the  moft  part,  but  even  remaking 
them  fometimes  proves  no  amendment ;  and  this  muft  be  the 
caufe  in  general  why  one  engine  from  the  fame  patterns  is  better 
or  worfe  than  others.     And  we  have  reafon  to  fear  that  this 
niatter  of  complaint  is  on  the  increafe ;  for  fclf-intcreft  has  fo 
powerful  a  preponderancy,  efpecially  in  the  metropolis,  that  we 
Aall  defpair  of  having  thefe  objcfts  regarded  as  they  were  for- 
merly;; ferablance  being  for  the  greateft  part  the  order  of  the  day. 
Mr.  Watt  has  adopted  a  gauge  (very  improperly  called  a.  bst- 
rometer),  to  indicate  the  degree  of  vacuum  in  his  engines  ;  and 
we  deem  it  of  important  confequence.  to  the  well-going  of  the 
engine,  the  profit  of  the  proprietor,  and  the  credit  of  the  en- 
gineer :  yet  in  many  engines  in  London  we  fee  this  important 
inftrument  either  out  of  repair,  or  wholly  laid  afide.    The  form 
is  ^iven  at  fig.  3..  They  have  been  made  of  glafsi;  but  if  the 
quickfilver  is  not  very  pure,  the  alloy  with  which  the  venders  of 
ms-atticle  wfailtante  it  is  by  cooftant  a&ion  brought  to  the 
furface^  and  that  aad  the  vapour  together  mabetbe  tibe  fo  foi|l 
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diat  no  f  fetifion  can  be  obtained.  Iron  theriefore  is  the  fac^ 
material :  both  parts  of  the  (obe  (hould  be  corre£ily  of  one  dia^v 
merer,  or  elfe  the  refult  'will  be  erroneous.  This  tube  muft 
communicate  with  the  cbndenfer  by  a  fmall  copper  pipe,  and 
a  ftop-cock  be  placed  between  the  gauge  and  condenfev. 
The  index  in  this  inftrument  is  a  light  deal  rod»  which  is  put 
into  the  fhorter  tube ;  and  quickfilver  being  poured  into  h 
within  three  inches  of  the  end,  the  rod  is  put  into  the  tube,  and 
It  floats  on  the  quickfilver.  It  is  almoft  Aeedlefs  to  remark,  that 
the  graduations  on  this  inftrument  muft  be  inverted  with  regard 
to  thofe  of  a  fingle  tube. 

Perhaps  it  (hould  have  been  noticed  before,  that  the  rod  of 
the  difchurging  pump  is  conneded  with  the  lever  at  fome  point 
determinable  by  the  length  of  the  ftroke ;  and  in  this  figure  k 
fifes  with  the  pifton,  and  brings  up  the  air  and  water  with  it, 
both  of  which  are  dSfbharged  at  the  branch/,  in  which  is  a 
hanging  valve  opening  outward. 

It  is  intimatCKl  in  the  large  account  of  Mr.  Watt's  engine, 
that  this  is  the  moft  preferable  mode  of  virorking  this  pump, 
viz.  at  the  inner  end  of  the  leyer ;  but  vre  do  not  fee  why :  as 
far  as  our  judgment  would  lead  us,  we  ifaould  prefer  the  outer 
end,  where  the  conftrudion  will  admit  of  it;  and  we  thirdt  we 
have  feen  fome  engines  fo  conftruded  that  have  made  a  better 
vacuum  than  when  it  is  conne&cfd  infide :  depending,  as  v(% 
think,  on  an  impulfe  given  to  the  remaining  air  of  the  iaft  ftrdke 
ftt  the  inftant  the  bucket  begins  to  rife ;  for  no  fooner  is  the 
▼alve  f  opened  than  the  fteam  rufhes  towards  the  condenfer,  and 
giving  a  momentary  tend«^2icy  to  a  plenum,  does  give  a  pufii  t» 
the  air  through  the  hanging  valve  between  the  pump  and  the 
condenfer;  and  hence  we  are  warranted  to  conclnd^,  that  more 
air  enters  the  putnp  by  this  means  than  if  it  be  left  tp  its  own 
expanfioh. 

We  muft  obferve  how  this  pump  ztkGts  the  power  of  the 
engine.  By  fome  obfervations  of  thpfe  who  have  confidered 
the  fubjed^  we  fliould  be  led  to  conclude,  that  it  is  an  addition 
to  the  load  of  the  engine  :  but  if  we  attend  to  its  conftru£fcionf 
having  a  valve  to  keep  off  the  prefiure  of  the  atmofphere,  it  is 
certain  it  can  have  but  little  weight  until  the  bucket  is  near  the 
higheft  limits  of  the  ftroke ;  and  taking  th^fum  of  the  refiftance 
from  the  commencement  of  the  ftroke  to  its  termination*  it  wiU 
be  found  to  be  very  little  in  comparifoji  with  die  power  of  the 
cylinder.  But  if  the  weight  of  the,  atmofphere  was  conftantly 
on,  it  could  mako  no  other  difference  in  a  wcU-^onftru&ed  ea^ 
gine  than  what  arifesfrom  the  fri&ion* 
*  From  fome  authentic  reports  on  die  fuccefs  which  attended 
Mr,  Watt's  labours  in  applying  tiif  prindple.  of  thi&  ez)giQ|Bj  it' 
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^ifptMMt  he  4icl  not  imagine  it  would  require  fo  larjie  z  portion  of 
the  content  of  his  cylinder  to  be  transferred  to  his  pump. as  he 
fifterwards  found  uecefTary  *•    And  on  this  account,  one  ezperi- 
tnent  among  many  others,  which  is  related  in  the  Encyclopedist 
Britaoaicat  we  muil  be  pennitted  to  enter  our  proteft  againft  :  it 
is  tbisi  viz.  fedlion  S7»  "  a  globular  vcffel  communicated  Iqr 
«ieans  of  a  long  pipe  to  a  cylinder  of  four  inches  diameter  and 
thirty  inches  long ;  the  globe  was  immerfed  in  water :  the  pipe 
hzd  a  ftop»-cock :  the  cylinder  was  filled  -wlthijlrong  ^eam :  th^ 
jpock  was  .turned  (nay  fcarcety  turned),  when  the  fides  of  his 
cylinder  were  cruflied  together  like  an  empty  bladder." 
*    Not  to  notice  the  ftriking  figure  of  the  cruQiing,  let  us  take 
^  view  of  the  experiment :  a  veflcl  of  the  form  of  a  fphere  was 
coane^ed  to  the  cylinder  by.  a  pipe  of  an  inch  diameter ;  this 
veflel  was  immerfed  in  the  water  umxhaufled^  we  may  fairly 
fuppofe :  the  cylinder*  containing  390  cylindrical  inches,  was 
filled  with  ftrong  (team  ;  the  cock  was  hardly  tyrped  when  a 
complete  vacuum  took  place  in  the  cylinder.---Now  ,the  credi- 
bility which  the  relation  of  this  experiment  demands  muft  de- 
pend on  fome  particulars  unrelated  by  the  reporter :  for  if  ,we 
.^dcnittbat  this  globe  and.  a  part  of  the  pipe  alfo  cont^inejd  this 
«air  of  the  atmofphere^  what  could  there  be*  befides  mere  magi<^j 
to  induce  the  fteam  to  leave  the  cylinder  in  fuch  a  blurry?  No : 
.we  have  ieen  the  experiment  tried  again  and  again  \  and  the 
oiaked  truth  is — it  canmt  b£.  . 

*     We  will  advert  to  another  experiment  or  two  ^f  this  kind. 

Encyclopsedia  Britannica,  Steani-Engine,  fe£lion  lo.  ''  £^p<^ 

.riments  have  been  made  on  fteam-veilels*  fix  feet  in  diameter 

.and  feven  feet  high :  and  It  has  been  found  that  about  four 

ounces  of  water  as  warm  su  the  human  blood  will  produce  a 

^complete  condenfation  in  le(s  than  a  fecond."  ./'  £1  another 

exj)eriment  with  the  fame  veflTel,  no  cold  water  was  allowed  tp 

J[et  into  it ;  but  it  was  made  to  communicate  by  a  long  pipe 
our  inches  diameter  with  another  veiTeL  The  condenfatiqn 
w:as  fo  rapid,  that  it  could  not  be  meafured."  Upon  thefe  expe- 
riments a  deal  of  hypothetical  reafoning  fucceeds,  all  which  is 
evaporated  in  the  Supplement  to  the  above  work.    See  St6424« 

Nowhere  is  a  fa£l  related,  which  afterwards  is  acknowledged 

to  be  no  fati  at  all.     We  fhpuld  not  have  thought  fo  nfiudi 

.  about  it,  if  it  had  not  been  related  fo  circumftanti^Uy.    So>^^  )a 

the  experiment  made  with  fuch  fcrupulous  care  as  the  e$- 

panfipn  pf  boiling- w^ter  iua;veirel  holding  i;i<5oO  grains. of 

« 

•     ^ -In Uiebeft enffixiQS  we  bave.  fe^a  01: kw^Jf>U tbis  proportipn  is  ncit 
J«ft*  |ljaiv  9ae-eigbtE  9?  ,^c<;p\itsi^^  gf  ^^cy:&4er.Jf9f  aTiJ^glf,ci}8ipe.v 
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(ttim,  which  weighed  not  more  than  one  grain }  makiiig  die 
expanfion  to  a  certainty  loooo  to  i :  and  here,  in  the  Supplement 
aforefaidy  it  comes  to  1800  to- 1.  Now  the  queftion  \b.  Which 
of  them  is  true  ?  , 

But,  to  proceed: — ^The  moft  novel  circumftance  in  the  opera- 
tion of  this  engine  is,  that  when  the  {team  has  been  peripitted 
to  zd  on  the  pifton  to  the  limits  of  the  ftroke,  it  has  permiiTion 
to  enter  the  cylinder  a  fecond  time  beneath  the  pifton ;  and  {o 
the  piilon  rifes  in  a  medium  of  fteam  more  or  lefs  rare  as  it 
happens :  nor  is  that  point  of  any  fignificance,  even  if  it  were 
all  to  be  condenfed  in  its  paiTage  from  the  upper  to  the  nether 
fide  of  the  pifton  ;  and  it  is  "tl  beautiful  accompaniment  of  the 
prime  objetl  of  the  improvement.    To  make  this  part  of  the 
evaporation  as  perfed:  as  poffible,,  the  valve  k  (hould  be  placed 
at  the  top  of  the  pipe  B,  juft  under  the  valve  I :  otherwife  that 
pipe  full  of  fteam  is  wafted  every  ftroke. 
'     But  it  generally  happens  in  engines  ere£led  for  pumping 
water,  that  they  are  calculated  to  go  deeper  than  the  prefent 
bottom  of  the  mine;  and  therefore,  if  all  the  fteam  which 
enters  the  cylinder  for  one  ftroke  was  to  be  condenied,  the  en- 
gine would  a£l  with  its  whole  power,  and  the  eflFed  woald  be 
to  deftroy  itfelf :  on  which  account,  in  engines  thus'circum- 
ftanced,  the  injedion  is  to  be  ftopped  long  before  the  termina- 
tion of  the  ftroke,  which  leaves  a  refiduum  of  fteam  at  the  bot- 
tom of  the  cylinder,  that  proves  an  eiFe^iual  banking  to  the  pi- 
fton ;  even  10  far  as  to  fupport  it  while  the  chains  to  which  it  ia 
appended  are  become  quite  flack  by  the  momentum  given  to  the 
lever  during  the  adion  of  the  fteam  on  the  pifton.   We  believe 
it  was  this^  circumftance  that  indicated  to  Mr.  Watt  the  advan- 
tage of  {hutting  off  the  fteam  from  the  boiler  foon  after  ^ 
commencement  of  the  ftroke ;  which  is  done  in  the  following 
manner.  , 

The  valve  /,  the  office  of  which  is  to  open  jor-ihut  the  com- 
munication between  the  cylinder  and  the  boiler,  is  fo  parti- 
cularly connej^ed  with  the  working  gear,  that  by  altering  the 
place  of  a  pin  it  is  ftiut  fooner  or  later,  as  occafion  requires ; 
and  when  the  pifton  has  proceeded  half  way  down,  if  this 
valve  is  ftiut  at  that  inftant,  the  piflon  is  carried  through  the 
remainder  of  the  ftroke,  partly  by  the' momentum  it  has  sdready 
acquired,  and  partly  by  the  remaining  expanfion  of  the  fteam, 
which,  notwithftanding  its  growing  rarer  and  rarer,  is  fufficient 
with  its  momentum  to  complete  the  ftroke.  • 

'  We  have  obferved,  that'  in  order  to  give  adion  to  the  eagiiie 
at  its  iirft  onfet,  and  indeed  at  every  fucceeding  ftroke,  the  valve 
t  is  to  be  lifted.  Thi^jvalve  is  kept  down  by  a  weight  equal  to 
the  preflure  of  the  atm'oTphere>  added  to  the  elafticity  of  the 
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fieam  above  that  preflttre;  there  ^  being  a  vacuum  bebettblt^ 
and  the  a£kion  of  the-fteam  upon  it.  Hencey  in  large  engines 
it  requires  a  great  force  to  lift  it  up,  in  fome  engines  equal  tm 
icoo  or  1 200  }b$.  and  it  muft  be  lifted  in  an  inftant,  if  poifiUe, 

The  ufual  method  of  doing  this  was  by  an  apparatus  being  a 
part  of  the  working  gear,  conftrudied  after  the  followinjg  mao- 
ner.  Let  r,  fig.  4.  be  the  centre*  of  the  fedion  of  a  ftron^  bar 
of  iron  about  two  inches  fquare  :  on  one  of  the  angles  of  tlm 
bar  a  piece  of  iron,  in  the  form  reprefente^i  ^t  h^  is  wdded  on^ 
atid  on  the  next  fide  but  one  there  is  an  arm  fixed  in  the  form 
d.  This  bar,  which  is  ufually  about  three  feet  long,  or  little 
more,  is  made  to  work  between  two  pods,  and  is  called  a  T 
ibaft,  S|nd  the  pods  are  called  T  pofts,  conformably  to  the  old 
plan  of  working  gear.  This  Y  (haft,  with  its  arm  d^  is  brongfat 
to  the  pofition  (hewn  in  the  %ure  to  be  ready  for  opeiliog  dv 
valve,  when  a  fmall  pin  in  the  plug  p  lifts  a  detent  x^  that  « 
made  to  preferve  the  whole  in  ks  proper  pofition,  and  a  balance- 
weight  Hv  brings  this  arm  or  branch  into  the  a^ion  of  turnii^ 
vp  againft  the  fpanner  or  lever  h  attached  to  the  valve  v,  and 
working  on'  the  (pindle  or  centre  gi  by  this  means  here  is  a  veiy 
•powerful  force  at  the  firft  inllant  applied  to  the  very  end  of  the 
lever  hy  which  is  continually  diminifliing  as  the  valve  rifes  j  for 
the  preffure  on  the  valve  and  the  very  «nd  of  the  lever  is,  or 
ought  to  be,  exafily  the  fame  in  every  pofition  of  the  crooked 
arm. 

Still  it  was  a  heavy  load  on  the  hand  to  manage  this  pait  <i 
the  working  gear ;  and  in  converfation  on  the  luWed,  it  was 
fuggefted  to  Nf r.  Watt  to  make  thefe  large  valves  ot  two  valves^ 
'  that  is,  by  making  a  fmaller-fized  valve  in  the  middle  of  the 
large  one,  and  then,  after  the  fmaller  one  was  lifted  a  little,  the 
whole  would  rife  together->-and  it  was  adopted ;  but  it  beins 
difiicult  to  keep  in  order  fo  as  to  be  tight^  we  believe  it  was 
laid  afide. 

We  cannot  help  taking  notice  of  another  Illiberal  infinuation 
t)f  ^he  writer  of  this  article  in  the  Encyclopedia  Britannica : 
when  in  letting  forth  a  contrivance  to  render  the  opening  of  diis 
valve  as  eafy  as  was  poffible,  and  which  was  abfolutely  invented 
at  an  engine  at  Radftock  near  Bath,  he  fays,  *'  it  has  bcttt 
fervilely  copied  from  Mr.  Watt,"  as  if  it  could  not  be  copied 
from  anv  one  befides  5  and  if  copied,  it  muft  be  copiedy^rt«/c/pc 
now  altnough  hundreds  are  faid  to  have  copied  from  Mr.  Watt, 
it  might  ra3icr  perhaps  have  been  faid  Mr.  Watt  copied  froia 
hundreds  ^*    But  it  does  not <appear  that  the  writer  underftood 

"  •« 

•  We  do  not  dire(*lly  implicate  Mr.  Watt  as  being  the  illiberal  coflld* 
jutor  in  tliis  indifcrimiiiate  fcandal  and  defamation ;  but  it  would  Ml      \ 


378  MACHINES. 

«         •       *  « 

the'  modus  'op^ran£  of  this  wonderful  projefi,  by  the  figure  he 
has  given  of  it,  or  bjr  what  he  advanced  in  the  testy  both  of 
which  are  alike  falfe.  He  fays,  *<  though  the  valve  has  not 
moved  the  hundredth  part  of  an  inch,  the  prefTt^re  is  over." 
It  would  be  wafting  time,  and  an  affront  to  the  underftanding 
of  our  intelligent  readers,  to  go  about  formally  to  prove  the  re- 
verfe  of  this  aifertion  ;  but  as  he  has  fo  awkwardly  reprefented 
itj  we  will  explain  it  at  fig.  6. 

Let  A  be  the  'valve,  BB  a  lever  attached  fdr  the  purpofe  of 
raifing  it ;  CC  is  a  rod  with  a  joint  in  it  at  i;  D  is, an  arm 
ftretching  horizontally,  with  a  height  W  hung  to  it.  This  arm 
D  and  the  part  of  the  pointed  rod  C  have  motion  round  the 
centre  O :  fo  that  when  the  weight  W  is  at  liberty  to  fall,  it 
carries  the  arm  D  round  the  common  centre  downwards,  and 
raifes  C  round  the  fame  centre  upwards  in  the  diredion  of  the 
dotted  arch,  at  which  the  whole  apparatus  afliimes  a  new  po- 
rtion according  to  the  dotted  lines.  From  this  iketch,  the  prin- 
ciple by  which  this  valve  is  opened  may  be  eafily  comprehended: 
but  it  muft  be  added,  that  thjs  valve  is  not  opened  by  the 
plug  (here ^  and  throughout  in -the  Encyclopedia  Britannioa 
called  the  plug-frame),  but  by  the  a£Hon  of  a  weight  which  is 
raifed hy  tnc pliig*. 

It  is  neceffary  to  the  good  performance  of  sm  engine,  that, 
this  valve  be  Opened'  as  fuddenly  as  poffible,  that  the  fleam  may 
have  its  releafe  quite  inftantaneoufly>  if  it  could  be  done )  for 
until  the  valve  is  opened  the  engine  has  not  its  full  power. 
Hence  the  reafon  why  in  the'bift  engines  univerfally  a  weight 
or  fpring  is  applied  to  open  it,  and  all  the  plug  does  is  to  return 
the  weight  to  its  former  elevation. 

But  a  much  better  method  than  this,  or  any  of  |b6m«  has  been 
fttggefted  by  a  delicate  thought  of  Mr.  Jof.  Hornblowetiof  Cfaar»- 
water  near  Truro^  and  confifts  in  conftrufling  the  valve  oa  an 
entirely  new  principle :  we  fhall  give  a  reprefentation  of  this  valve 
in  fig.  7.  AAAA,  is  the  box  containing  Che  valve^  BB  is  a  valve 
inverted,  and  fixed  firmly  to  the  bottom  of  -the  focket  S ;  this 
focket  ferves  as  a  guide  to  that  part  of  the  valve  tlisit  is  to  be 
lifted  by  a  fhort  cylindrical  rod>  as  is  very  common. 

have  dishonoured  him  if  he  had,  in  the  fuppleipent  to  this  ftfrago  tJt 
falfehood  and  abfurdity,  demftnded  a  recantation  of'  whatever  may  iiave 
been  previoufly  infcrted  eitfcerthrougb  pnejadioe  or  mifipfoi^niBtion  iaiyl 
we  would  never  have  interfered  with  thp  ^ifflu^Mig  panegyric  that  pcr- 

•vades  the  whole  Aabjed. 

♦  The  plug  is  that  vertka)  piece  of  timber  whrch  fs  alternately  Hfii^ 

.and  falling  by  the  motion  Of  the  engine ;  and*  by  the  pin's  being  fet  intc^ 
particular  hdesi  the  ftrqke  ef  the  e«{^iM'4l  ^ute^.^o  i(  vcvy  0^ 

•tttcst^.  ...      .....        :  -*.w^..  ♦...  wi  2'-  j-'^.  J  eJv.i  w  •:  »i 
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•  ^Tbe  part  whichis  to  be  lifted  isDD  EE:  which  lifting  is  per- 
formed by  any  of  the  ufual  methods  attached  to  the  eye  F, 
which  is  a  part  of  the  crofs-bar  ££  in  the  figure  below,  which 
is  a  plan  of  the  upper  fur/ace  of  the  valve  and  upper  feat }  for^ 
it  muft  be  obferved  that  it  has  t'wofeats^  and  that  the  principal 
paiTage  for  .the  ^fteam  is  at  the  lower  feat ;  for  the  fteam  in  its 
paflage  goes  down  through  the  body  of  the  valve :  indeed  it  has 
always  accefs  to  the  lower  (eating,  the  body  of  the  valve  being 
entirely  open^  except  what  is  taken  up  by  the  crofs-bar  ££  \  lo 
that  in  this  fenfe  we  lift  the  thickneis  of  the  metal  only  of 
which  the  body  of  the  valve  is.  conftru6ied.  To  help  our  ideas 
of  the  operation  of  this  valve,  we  muft  conceive  the  upper 
fpace  Tq  the  box  to  be  always  full  of  ittami  and  confequently 
the  inner  part  OO  of  the  valve  (which,  for  better  undcrftanding 
it,  is  (hewn  bv  a  fe£lion  along  the  crofs-bar);. then  the  lower 
fpace  -of  the  box  will  be  a  vacuum,  whea  upon  lifting  the 
valve  {which  is  a  cylinder  open  at  both  ends)  the  fteam  will 
pafs  through  it,  and  into  the  lower  fpace  at  the  inverted  lid  fiB« 
In  this  figure  the  xrylinder  pan  is  raifed  a  little^  to  fhew  how  it 
feparates  from  the  lower  lid  BB« 

We  have  prefumed  on  this  mode  of  applying  the  priaciol^ 
not  knowing  the  predife  manner  in  which  the  iaventor  has 
thought  molt  proper  to  do  it|  but  we  have,  no  doubt  of  itis 
being  a  very  welcome  improvement  in  thoie  large  engines  in  the 
-county  where jhe  refides. 

Adverting  to  the  other  parts  of  the  engine,  fig.  x.  '  On  the~ 
top  of  the  cylinder  n  is  a  box  to  contain  fomething  fi>ft^  yet 
pretty  clofe,  hut  not  leatbiff  to  embrace  the  pifton-rod  m  in  its 
motion  up  and  down :  and  this  is  ufually  a  iort  of  plaited  tope 
of  white  yam,nicely  laid  in  and  rammed  down  gently,  occupying 
about  a  third  of  its  depth  s  then  upon  that  is  placed  a  fort  <^ 
tripod,  having*  a  flat  ring  of  brafs  for  its  upper,  and  another  fot 
its  lower,  part )  and.  thofe  rings  are.in  breadth  equal  to  the  fpace 
between  the  pifton-rod  and  the  fide  of  the  box  i  that  being  put 
on  over  the  end  of  the  pifton«rod,  another  quantity  of  this 
rope  is  to  be  put  -upon  it,  and  gently  rammed  as  before :  then 
there  is  «  boUow  (pace  between  thefe  two  packings,  and  that 
fpace  is  to  be  fupplied  with  ftrong  fteam  from  the  boiler.  Thus 
is  the  packiog  about  the  pifton-rod  kept  in  fuch  a  ftate  as  to  pre- 
vent the  air  mm  entering  the  cylinder  when  at  any  tinae  tbefe 
may  be  a  partial  vacuum  above  the  pii^o^. 

This  then  is  a  deicriptioH  of  Mr.  'Watt's  knprovement  as  to 
what  he  originally  h^d  in  view,  and  as  to  what  prefented  itfelf 
in  peifeding  his  primarv  notions  of  the  conftru^ion  ;  and  iii 
addition  to  wbflrt  it.  |iaft»  we  .have  only^  to  recapitulate  the 
f  efereaots  belonging  to  Ae  figo^  l .    A  reprefents  the  cyiinder 
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with  its  pHtoft  fuppofed  to  be  within  it ;  B  a  pipe  occafiotially 
communicating  with  the  upper  and  lower  fide  of  the  piftoni 
£  the  difcharging  pump  with  its  bucket  within;  y  its  dif- 
charging  nozzle  with  a  hanging  valve  opening  out^^'^rds ;  O 
part  of  the  bucket-rod  to  be  connedied  with  the  great  lever ; 
1)  the  receiver  or  condenfer^  having  communication  with  the 
cylinder  by  the  valve  /;  F  the  place  qf  a  hanging-valve  placed 
lietween  the  pump  and  receiver  opening  towards  the  pump  | 
f  the  inje&ion* valve ;  h  the  blowing-valve^  the  outer  part  of  it 
being  immerfed  in  water  in  a  fmall  ciftern  ;  xxxx  ^  fc£lion  of 
the  condenfing-ciftern,  to  flicw  the  lower  parts  of  the  engine  j 
I  a  valve  for  opening  a  communication  between  the  upper  and 
nether  fides  of  the  pifton  ;  ^  is  a  box  and  valve,  for  receiving 
and  giving  the  fteam  from  the  boiler  ;  n  the  box  containing  the 
packing  for  the  piftoh^rod ;  jind  m  part  of  the  pifton-rod  broken 
off  for  watit  of  room* 

Such  was  the  mod  perfed  ftate  of  Mr.  Watt's  engine  until 
drcumftances  demanded  what  was  impoflible,  at  leaft  what 
ought  not  to  be.  It  was  found  that  fome  of  the  mines  in 
Cornwall^  already  at  a  great  depth,  wanted  to  go  ftill  deeper  ; 
but,  alas  !  no  fingle  engine,  unlefs  it  were  a  monfter,  could  be 
brge  enough :  but  <<  Mr*  Watt*^  genius,  always  fertile  in  re«> 
iburces,"  found  out  the  means  of  making  two  engines  in  one^ 
and  th^  double-ftroke  engine  came  forth  in  two^fold  cumbrous 
majefty  to  what  had  ere  been  feen  before.  It  would  take  more 
i0(om  than  is  allotted  to  this  department  to  develope  the  enor- 
mous limbs  and  features  of  this  creature  as  fet  up  at  fome  of 
the  mines  in  Cornwall :  which,  even  on  a  more  manageable  fcak^ 
applies  but  very  difcompofedly  to  drawing,  or,  as  we  ought  to 
iay,  thrufting,  water  fronvfuch  a  depth. 

But  it  is  here  in  London  and  its  vicinity  that  he  has  applied 
the-  principle  to  a  purpofe  that  enobles  Doth  him  and  it,  and 
where  we  conceive  it  to  have  reached  its  acme  both  in  deiign 
and  execution. 

We  have  >reprefented  this  mode  of  working  at  fig*  a*  where 
we  mud  deviate  largely  from  the  pradlical  application,  in  order 
to  give  a  comprehenfive  explanation.  A  is  the  cylinder,  as  in 
the  fingle  engine;  B  is  a  pipe  appropriated  to  deliver  the  fteam 
from  the  boiler  through  the  branch  L;  from  theace  it  emers  the 
cylinder  alternately  by  the  valves  V,  «;,  both  opening  tpwards 
the  fteam  fide.  The  pipe  C  has*  alfo  two  valves,  one  at  the 
upper  end  of  the  pipe  in  the  box  t^  and  oiie  which  we  muft 
defignate  at  the  joint' r,  both  opening  toward  the  cylinder* 
The  condenfer  D  has  a  blowing»vaive,like  the  former  figure  ia 
the  fingle  engine;  buttheiajo&ionismade  by  a  cock  G,  which 
has  a  pipa reaching. near  the  botc^ih^i  (h^dt^emi  wd  HfhtfK 


l}ie  engioe  is  at  work  this  cock  is  always  open,  and  the  my^Qaaa 
always  running  in,  becaufe  the  fteam  is  conitantly  coming  from 
the  cylinder  either  above  or  below  the  pifto%  and  its  operaition 
is  as  follows : 

When  the  air  is  blown  out  of  the  engine,  and  the  piftoa 
happens  to  be  in  its  upper  fituation,  the  valve  v  on  the  fteani 
Gde  is  lifted,  and  the  valve  r.  on  the  exhaufting  fide  is  opened : 
the  exhaufting-valve  r  takes  the  ileam  from  below  the  piftpn^ 
while  the  fteam  by  the  valve  v  enters  on  the  upper  fi^rface,  and 
a  ftroke  is  made ;  and  at  the  inftant  the  pifton  comes  to  its 
place  at  the  bottom  of  the  cylinder,  thefe  valves  are  both  ihat, 
aad  the  valves  w  and  t  are  opened,  and  the  upward  ftroke  com^^ 
mences,  and  fo  on  alternately. 

It  muft  be.obferved  here  that,  whereas  the  pifton  in  the  lipgte 
engine  is. pendant  on  the  lever  by  the  chains  lying  in  the  arck 
of  the  inner  end,  this  muft  be  conne&ed  by  a  mode  that  (hal( 
render  the  rod  rigid  ii)  its  a^iign  upward  \  for  which  purpofe 
there  is  ^  fyftem  of  tranfverfe  ioiats  which  compel  the  rod  to  4 
motion,  parallel  to  itfelf,  exhibttipg  at  once  a  moft  ingenious 
and  pleafant  piece  of  machinery.  At  the  other  end  of  the  beani 
or  lever  is  a  rod  which  connects  the  motion  of  the  engine  to  a 
fly ;  and  Mr.  Watt  has  chofen  to  do  this  by  a  very  ingenious 
application  of  one  wheel  fixed  on  the  axis  of  the  fly,  and  another 
fixed  on. the  rod  that  is  conne3:ed  to  the  lever,  by  which  means 
the  fly  makes  one  entire  revolution,  while  the  engine  makes  but 
one  ftroke  ^  and  thu^  the  fly  makes  as  many  revolutions  as  th^ 
engine  does  ftrokes :  but  we  are  inclined  to  give  the  preference 
to  a  firaple  crank  with  a.  fly  of  fuch  weight  as  (hall  have  thp 
defired  momentum  with  lefs  velocity,  fimplicity  being  ever  9 
defideratum  in  the  conftruAioQ  of  machinery. 

It  is  related  in  the  Encyclopaedia  Britanniea  that  a  Mr.  Fitz« 

?;erald  took  out  a  patent  for  communicating  a  rotative  motion 
rom  the  fteam-engine,  and  it  may  be  fo :  but  the  firft  notice 
we  ever  had  of  a  patent  being  obtained  for  that  inventiop  wag 
about  xi\t  year  1 778,  when  a  young  man  at  Briftol,  Mr.  Matthew 
Walbrougb,  obtained  letters  patent  for  that  purpofe,  and  did 
apply  it  to  his  own  wprks  for  taming  lathes,  6cc.  smd  alfo  on^ 
at  Southampton  at  Mr.  Taylor's  works,  befideS  two  or  three  for 
grinding .  corn.  However,  this  was  previoufly  to  Mr.  Watt's 
patent  for  that  purpofe  \,  and,  little  as  it  was  thought  of  at  diat 
period,  it  is  now  become  of  mighty  confequence  to  the  kingdom 
at  large. 

We  are  glad  to  have  an  opportunity  of  prefenting  the  ptiblif 
with  an  improvement  on  the  fingle  engine  of  Mr.  Watt  hf 
MefiVs.  Hornblower,  a  patent  for  which  was  taken  out  by  Mc 
Jonathan  Hornblower  of  Fenryo,  in  H^  year  I78^.  We.wiU 


give  a  iliort  aeeotint  6f  this  engine,  hot  ofily  tfiat  ottr  tiiJteti 
may  fee  what  attempts  have  been  made  to  carr^ron  the  progref^ 
of  improvement,  but  that  they  may  have  an  opportotnty  of 
comparing  it  with  the  account  given  of  it  in  the  Encyclopedia 
Britanntca;  as  various  Opinions  ate  ftfll  €ttfertained  on  the  merit 
«f  that  invcrfttort . 

The  intention  of  this  Improveiiient  was  to  obtain  a  greatel^ 
power  by  a  compHcated  force  of  the  fteam  than  was  fuppofed 
eould  be  done  by  its  aftion  in  a  fimple  way }  and,  as  it  ne* 
ceilarily  involves  a  novelty  of  conftru£Hon,  we  will  eive  a  re- 
prefetitation  of  the  whole  at  fig.  8.  where  A  and  ^  are  two 
cylinders  of  different  capacities ;  and  in  this  figure  A  is  double 
the  capacity  of  B  :  both  of  the  cylinders  are  fumiihed  with  a 
pifton  with  their  connexion  witn  the  lever,  as  in  the  figure. 
The  boiler  is  fuppofed  to  be  placed  on  one  fide,  havitrg  a  pipe 
communicating  it  with  the  engine  at  G,  and  by  occafional 
communication  through  the  branches  by  means  of  the  four  cocks 
dr  valves,  the  fteam  is  fent  through  the  engine  in  the  following 
inanner:  but  here  alfe  we  muft  deviate  frOm  the  precife  con- 
llrudibn  to  give  a  clear,  an  unequivocal  idea  of  what  paflfcs  fai 
thefe  two  cylinders  :  therefore  let  A  B  fig.  9.  be  two  cylindetv, 
and  let  A  be  double  the  capacity  of  B,  and  let  them  be  fet  One 
<>n  the  Other  each  having  a  pifton,  and  both  piftons  fixed  on  the 
fame  rod,  and  this  rod  tq  a  lever  having  a  weight  at  the  othet 
end;  then  if  we  fuppbfe  the  upper  pifton  to  be  t  inch  diameter, 
the  lower  one  will  be  =  the  fquare  root  of  a  =  i'4i4  +  of  any 
ileterminate  length,  which  we  will  fay  here  10  inches  r  and  that 
we  may  not  have  our  conceptions  warped  by  complex  notions, 
we  will  employ  the  preflhre  of  the  atmofphere  in  this  experi- 
ment^ inftead  of  fteam ;  and  we  will,  for  the  fake  of  round 
numbers,  allow  12  lb.  on  every  circular  inch  wherever  tho 
whde  preflbre  is  employedi 

The  firft  thing,  then,  that  is  to  be  done  is  to  let  the  lower 
.  ptfton  come  very  nearly  in  contadi  Mrith  the  upper  end  of  its 
oWn  cylinder;  that  Is,  coming  exceedingly  near  to  d  a,  as  in  the 
figure:  then  both  thefe  piftotis  working  with  very  great  nicenefs, 
heing  wdl  oiled,  let  the  atmofpheric  air  enter  between  the  twtf 
piftons  at  the  cock  x^  while  there  is  a  perfed  vacuum  in  the 
BM'gelr  cylinder  under  its  prfton.  If  the  wholo'of  this  little 
tmffom  i»  at  liberty,  it  wiQ  begin  to  make  a  ftioke  with  23  Ibsi 
hanging  on  the  outer  end  of  the  lever;  becaufe  there  is  12  lbs« 
Oh  th<  upper  pifton,  and  la  lbs.  on  the  excefs  of  area  on  the 
•  )ower  jiifton.  llien  tertaitily  it  will  balance  a  weight  of  24  lbs. 
tn  the  outer  end  of  the  lever ;  but  next  put  a  weight  of  23  lbs; 
inftead  6f  24,  and  we  fliall  fee  that  it  wlH  begin  to  make  a 
%ttk«r^  little  vrayttownward:  but  it  wtU  foon  ftop,  becfltufe  the 
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atmo({rf>eric.air  betweea^th^  x^q  pift<)n#J>^g^^jU>Jb^^t)pim 
and  therefore  its  preiTureon  tht  lower  pifton.wiUdrqniinih;  aiid 
this  Will  be  the  cafe,  gradually  diminiibing  until  it  comes  to  th^ 
bottom,  where  its  preflure  will  be  but  half  pf  what  jt  waj^.ajt 
the  beginning ;  that  is,  6  lbs.  But  let  us  now  take  notice  c^ 
what  has  been  going  on  with  the  fmall  piftbn  i>nd  tbat  iss^tha): 
while  the  lower  pifton  has  been  .d^icendiiig  with  a  decreafing 
preflure  this  pifion  has  had  the  whole  preflure.  of  .thQ  atnij>; 
Ipbere  upon  it  all  the  time  \  fo  that  ]wrherpas  ijt  did  equjilibriat^ 
with  24  lbs.  on  tbe  rod,  it  liow  ceafes  ^ith  the  whple  preflure 
on  the  fmaller  pifton,  and  one  half  of  the  original^ preflure  on 
the  excefs  of  the  larger  pifton  above  the  fmall  o^ie,  or  on^ 
fourth  of  the  preflure  of  the  whole  lower  pifton,,  making  in  thf 
3prhQ)Q  18  lbs.  at  the  termination  of  the  ftrqke'^  s^nd  taking  the 
fum  of  the  preflures  it  will  amount  to  21.  ,  . 

Now  let  us  fee  what  is  the  true  ftate  of  the,  cafe  with  refpeft 
to  Mr.  Watt's  application  of  the  fteam.  ir^  what  is  called  h\^ 
expanfive  engine,  according  to  the.reprefentation  in  fig.  i,  L^ 
A,  fig.  1 0.  reprefem  the.  pifton  pf  a.  cylinder  equal  to  tbe  capacity 
of  the  largeft  of  the  before  mentioned  =  ^  ;4i4  4-  diameter,  and 
10  inches  long,  with  its  rod  pendant  to  the  lever  as  before; 
making  ufe  of  air  of  the  fame  denflty,  for  its  efl^c^s  muft  be 
the  fame,  =12  lbs.  on  the  circular  ipch.  Then»  fuppofing  an 
entire  vacuum  in  the  cylinder,  kt  the  pifton  be  brought  as  near 
the  top  of  the  cylinder  as  poQible :  being  nicely  oiled  as  before^ 
kt  the  air  have  accefs  to  the  upper  Cde  of  the  pifton,  and  it  will 
fupport  a  weight  of  24 lbs.  as  before.  Let  tl^s  pifton  defcend 
hall  way  down  the  cylinder,  being  fuppUed  with  air,  and  it  ftill 
fupports  24  lbs.  Now  let  the  air-cock  be  ftiut^  and  no  more  air 
fuflered  to  enter ;  and  takeoff  the  24  lb.  wdght  and  bang  on  a ' 
1 2  lb.  and  they  will  bs  in  equilibrium  at  tbe  termination  of  the 
ftroke. 

.  Here  then  we  may  compare  the  different  refalts  ^  fpr  difTercnt 
^ey  are,  and  will  be,  notwithftanding  the  high  authority  to  the 
contrary.  If  we  obtain  the  accumulated  prefTure  by.  taking  % 
mean  of  the  extremes,  we  flisill  find  Mr.  Watt's  ^application  t^ 

be  — ^t-pi — =-  io,  leaving  12  lbs.  at  the  terminatibirpf  dub 

ftroke.  ^U^KppIication  of  the  principle  in  the  prefent  inftanc^ 

by  taktD]^the  mean  of  the  extremes,  will  be  — ^^:»2i,httvia» 

J  8  at  the  termination  of  the  ftroke^  which,  in  point  ofVdyantai 
in  favour  of  the  dpublc  cylinder^is  as  3  X  %i^A.f^\nto'ijiiSaSi 
sjaagnitude  in  the  pra&ica)  ^^ppUca^on  joJF  this.prijaciDlj^^^aj^^ 
which  feems  to  have  hcea  overjopk^^  hj  all.thpi^  ^P^^^^f 
taken  itp  th^  fubjed.  Eyeju  the  learxf^4  Vi^^^^^)^i0fi^j^h9f 
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token  iBto  the  attoot  tkis  diftingnHhin^  p&ciSm/^j «(  fte  Iras* 
cBlf  Iwoiigbt  out  the  aotonofatcd  prefluie  of  bofb  in  t  oonv* 
pasatite  rkw.     Indeed  Ae  method  lie  has  adopted  to  in%cfti-' 
fate  diis  imibtem  does  not  account  for  the  vkimate  expenditiite 


Snt  we  are  wjii'iinled  to  prefent  this  to  our  feacters'  in  iHit 
popriar  jnd  orper^Msntal  manner  by  a  very  icm  jmlons  attention 
ao  an  engine  atHcd  ni  the  Ticinity  of  Bath  foibe  yeai^  Gnce- 
en  dns  very  principle,  and  trndcr  very  difadvantageous  drcum* 
ftaoces.  The  engine  had  its  two  cylinders  19  and  24,  with 
ftrokesoB  each  fwtaUe  to  the  occafion,  th^  is  6  feet  and  8  feet 
acipedively*  The  condenfing  apparatus  a  Tcry  bad  oiic» 
dmugh  a  fenrile-  fear  of  infringement  on  a  patent  which  in* 
Crbged  on  every  body;  by  which  the  greateft  degree  of  vateum' 
obtauned  was  no  more  than  27  indws.  The  engine  wroiight 
4  hhB  of  pumps  to  the  depth  of  576  feet,  4px>  lbs.  14  ftrokes 
in  a  nranite,  6  feet  each^  with  a  cylinder  6  feet  long,  and' 
19  -inches  diameter,  with  a  deal  of  inertia  and  fri£Kon  in  the'  ' 
rods  and  buckets-;  fome  of  the  latter  of  which  were  not  mpft 
ikaaet  34  inches  diameter?  and  this  it  did  ittider  aH  thefe  di£id«' 
vaaiageS)  with  70  lbs.  of  coal,  ttgbt  coai^  per  hour;  which  w&M 
have  reared  a  24-inch  cylinder  of  Mr.  Watt's  fingte  enginef 
making  a  6*-foot  ftfoke,  with  all  fhe  ftcam  he  could  apply. 

'1  wo  remarkable  circumftances  prefeilted  to  Ihew  the  ad*' 
vantage  of  this  application  of  the  principle.  The  one  wa^  tfist,* 
in  defiance  of  all  order  and  regularity,  the  man  who  tended  the 
engine,  and  pretended  to  underihind  it  better  than  his  raafter, 
wonld  cimdeftinely  detach  the  fmalier  cylinder  from  the  otherj 
and  work  on!y  with  the  large  one :  but  whenever  detected,  an 
idle  exccfe  only  intervened  between  it  and  the  relloration  of 
things  ;•  and  whereas  the  boiler  (which  was  proverbially  ex- 
cellenc)  would  fcarcely  by  hard  firing  raife  fteam  enough  to 
keq>  the  engine  going :  but  no  fooner  was  the  fn^U  cyHhder 
lod  hung  uy  the  lever. than  the  engine  refamed  its  vrbntecF 
a£lnrtrv;  and  the'fteam  would  blow  up  the  fafetY  valve ;-  and  the  ^ 
boiler  without  great  attentidn  would  boil  oyer,  neariy  to 
emptying* 

£he  nest  circumftance  i^,  that  when  the  detent  which  kept  ' 
the  tfxbbtifting-^vulve  (but  happened  to  mifs  ftays,  as  we  may 
C^IL  itn  the  pKfton  would  be  balked,  as  -k  were,  not  being  per- 
tnitlcdto  nfe  {be  whole  of  the  ^turning  ftrdke  $  whenit  would, 
as  by  fan  ii^rudive  nature,  come  down*  again  and  a^in  until     * 
thesdeient  performed  its  ofiice — a  pra^ieal '  argutnem  fbr  the 
poWttr  of  the.  engine  artbe  terrainatkm  t^f  a  nftrbke;  hut  we 
beliftve.nobodf  ^,  ^hii^eflF^  with  a>jM<IU8  eye  but  Mr"// ' 
Watt,  and  hence  the  production  ef  Mr.  Watt's  fecood  pat^  *' 
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^  Here^  theti,  was  an  engine  worldne  wifh  the  tStOt  of  i6  lbs* 
6n  the  fquare  kich  0f  £e  pifton ;  for  all  the  fteam  that  waa 
employed  in  producing  this  eflFeA^  was  no  more  than  what 
fiipplied  the  fmaller  cylinder.  The  various  difputes  and  con- 
tentions about  the  fupcriority  of  Mr.  Watt's  engines  comparing 
the  efieds  with  this  engine,  fubfifted  only  on  account  of  the 
diflSculty  of  making  a  fair  comparative  experiment  which,  unlefs 
they  could  be  done  with  engines  on  the  fame  circumftances, 
eould  not  be  done  at  all,  and  on  account  of  the  nature  of 
drawing  the  water  in  different  mines^  no  circumftances  could 
be  found  to  juftify  this  comparifon* 

We  are  told  in  the  Supplement  to  the  Encvclopedia  Britannica, 
that  the^m  of  the  engine  mentioned  in  tne  7tf6th  page  of  the 
body  of  that  work  was  put  in  pra^lice  about  the  year  X77^>  and 
that  this  is  mentioned,  ^  becaufe  we  have  been  told  Mr.  Hom« 
blower  puts  in  a  prior  claim  to  the  invention  }^  and  then  adds, 
*' We  do  not  think  that  Mr.  Homblower  ere£led  any  of  his  engines 
before  1782  ;  and  as  Mr.  Homblower  was,  we  believe,  woTKing 
with  Boulton  and  Watt  before  that  time,  we  think  it  fully  more 
than  probable  that  he  has  in  this  refpe&  profited  by  the  in- 
ftru£lion  of  fuch  intellig^ent  employers/'  We  forbear  to 
defcant  on  the  mechanical  intelligence  of  the  employers,  at  that 
period  ;  but  we  are  authorifed  to  ftate  this  as  an  unju4ifiable  libel 
on  Mr.  Homblower.  In  the  firft  place,  Mr.  Homblower  never 
worked  with  Boulton  and  Watt;  and  fuppofing  Mr.  Homblower 
never  put  up  any  of  his  engines  until  1782,  are  we  to  infer 
from  thence  that  the  principle  was  not  thought  on,  nor  any 
experiments  inftituted  to  afcertain  the  beft  mode  of  applying 
that  principle  i  We  have  likewife  to  ftate  that  Mr.  Homblower 
took  up  the  fubje^l  of  his  engine  early  in  the  year  1776,  if  not 
before,  and  continued  it  until  he  made  a  large  working  model 
whofe  cylinders  were  11  and  14  inches  diameter,  and  that  a 
drawing  of  this  engine  was  fent  to  the  editor  of  the  Encyclo- 
pedia Sritannica,  with  a  proper  defcription  and  references 
accompanying  it ;  that  Dr.  Gleig  returned  the  drawing  to  Mr* 
Homblower  with  a  verv  polite  letter  of  acknowledgment  for  the 
favour  done  to  his  work,  adding,  that  it  would  appear  with  Dr. 
Robifon's  marks  of  peculiar  approbation,  who  was  to  under- 
take the  writing  on  that  article,  &c.  fcc.  and  that  whm  theft 
marks  of  high  approbation  were  puUtflicd,  it  was  to  f(fet,  fbrth 
bow  ingenioufly  Mr.  Homblower  had  contrived  the  framing  of 
the  i<Kver,  his  valves,  and  ftuffing-boz,*  but  that  the  engine  was  in 
flfo  refpc^  preferable  to  Mr.  Watt's  with  a  fingle  cylinder,  but 
in  fome  accounts  very  much  inferior !  That  Mr.  Homblower 
•ddrefid  a  letter  of  furprife  attd  refentmeot  to  Dr.  Robiibn  at . 
lach  aa-indhitft  ioftMKt  of  bdbiviouri  wludi  probaUy  brott|hl 
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tbd  pff JM4ke»,Q£  the  ciol^  ^uloTonhiear  it^  Vi^t.  ttbcqrathe 
(al QC<^VQ^, to  refer  tp Mr.uotQbiQwexf s  naoN^..  w q bane  ta 
^;3iic.Turt}iii^i;»  mat  wc  4o  not  brieve  that  M^  Watt'^  i^e  g£  tbc 
exp^n(iQii-yaIve  bad.  ^vcr  bec«  ptt(;  in  graQlc^  uptUt  /«£  ^<r 
J^.  Horablover  p|:o]e£^,ed  his  doC^  of  the .  dQiible  engine* 
Howeira;t  we  ace  ccruin  that  this  engine  bcpagbt  fettk  Mr. 
Wajtt's  {ecood  mto^  foi^  tb<!^  mpft.  agijaat  f yiUm  a£  abiurditica 
tbat  ever  cajp^e  intf  view,  if^  tbp  mac^nical>  wQprld>  ti>  a'vail 
|iiin{!^l£  of  tiie  Boeanfof  continuing  the  Dieflure  on  nia  pifton 
with  asi  muph  c£Ee^  a^^he  Uw  inherent  in  toe  psinciple  ofi  which 
Hfr.  Hornblower's  engine  waa  cnnftru^ed^  but  we  bav«  never 
feeu  o;qc.  inftaoce.  in  whid^.  any  of  the  prepoften>HS  metbpda 
,  {iuuSionqd  b|  the  pa^snt  f^ci^e^  tp  were  puX  in  piaAice. 

We  are  now  to  take  notina  of.  another,  engine  of  Mr.  H^tn* 
6lQ^qr's»  iJDr  which  letters  patent,  liave  been  latalf  gi^iptf^ 
haying  a^.rpt^y  motion  yf'^iwsi  itfelf  by  the  itnmediafee.  ad^iqnr^ 
ftcam  pa  ^  revolvina  piftonar  We  confeb  our  haahility  t^  do 
|u(lice  to  this  mod  umple  fleam^ngine  we  eirer  law,  ia  novel 
in  ib  con(lru£^ioni  yet  unxple  in  xta  operadoa*  The  piftons^aft 
xnentioned  a^rje  four  vanea^  lite  thqfe  of  a  fmoke^jackf  thou|^ 
'  upt  of  thin  icoQi  but  of  fpme  conCderable  thiduiefsj  fu$cient  tp 
form  a  groove  to  hold  fome  duffing  ipc  the  puq^fa  of  beiug 
tight  ixk  their  a£lion.  They  are  moonted  oa  an  arbor,  which 
has  a  I^ollow  nave  in  the  middk.  Into  thia  naiva  the  tai]s  of 
the  vanes  are  infertedj,  and  each  oppoCte  vane  ia  affedled  alike 
by  havmjr  a  d:eady  copneQion  with  each  others ;  for  indan<;p>.if 
we  Cbould  ajter  the  anglp  of  one  of  the  vanea  with  the  axbor> 
die  oppofi^e  one  will  be  altered  tooj  and  they  are  not  fet  in  the 
fame  plane,  but  at  right  angles. to  the  plane  of  each  other  i  fe 
thatj  if  we  (in  retaining  the  notion  of  the  vanes  of  a  fixy)ke^JKk) 
conceive  thefe  vanes  to  be  held  in  a.  vertical  poGtion  aa^thc  iaili 
of  a.  windmill,  when  one  vane  is  flatly  oppofed  to  the  wjndd  die 
oppofite  vane  will  prefent  its  eJg^  to  the  vrind,  and  diis  they  ace 
onftantlv  doing  in  their  rotation,  on  their  cpnampn  arbor,  fa 
at  d)e  ueam  acts  ^aind  the  vane  on  its  face  in  propriUog  it 
j^ai^|^j||uid  tliis  it  does- for  about  ^  of  a  cipcle  or  90  de  jwf  1 
in'  tii£9Kv!^(rbere'  it  is  dcilined  to  a£l  (  and  as  foon  aa  it  has 
^pne  tfvrbugh  the  quarter  of  the  circle,  it  in^jantly  turaa  Its 
edge,  tp  the  deam^,  wi^le  ajt  the  fame  inftsmt  another  vane  has 
entered  the  working  part  of  the  bo v  and  the  i^otation  proceeds 
wi  thout  tinterrupdon. . 

.  It  mud  be  obferved,  that  thov^  the  en|i]ie  has  die  powev-of 
jprefenting  the  edge  of  the  vanea  to  the  deam  ifMfttvinmgtm 
ats  place  of  adive  force,  that;  yet  t^ere  n^ud.be  i!^l^  posrer  loft 
according  to  the  re-a£lion  on  'the  thi€kn«&  oi  the  efGigpj  and.  dMS 
lofs  of  power  is  greatcft  only  m  fma)!  engpwai  b«C  in:  t  %ftcai 
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iqf  wn^s  eiten<Kng  j'ot  6  feet,  motlflg  at  tJte  tateofyd  Vevoliv- 
tic^ifcg^  in  a  minute,  there  milft  be  a  great  aecutnuiaricfi  6Ffore^*; 
attd  that  this  accumulation  is  in  fardur  6f  tht  ]{>rihcipfe  of  the 
^giae,  whei'e  the  velocity  of  the  power  miiy  be  ^f  any  Ad^i^ 
ft^iitate  ratio  to  the  velocity  of  the  weighti^  according  to  \i^ 
cxiftiifg  cifcumftances.  It  muft  alfo  be  underftood' that  thj^ 
engine  la  ti>  be  futnifhed  with  condenfer  and  dffchargirtgrpump, 
according  to  the  new  mode  of  condfenfation  eftablifhed  by  Mr. 
Watt ;  but  Mr.  Homblower  has  (as  nve  think)  an  improved 
lifethod  of  difeharging,  whereby  he  takes  alf  tne  air  ironi  tl^ 
ItotKlenier  in  a  moft  perfe£t  manner.  This  apparatus  is'  to  be 
connected  to  one  end  of  the  arbor  which  carries  the  vanes  cjr 
pifteiiSy  while  the  otficr  dnd  is  connected  'With  the  woA.  , 
'  Fig.  II.  is  the  plari  />t  horizontal  fe^Kon  of  the  engine 
^here  A  A  is  the  exterior  bolt  or  caflng ;  BC' two  of  the  vanes  ; 
C  prefenting  its  whole  furface  of  one,  and  B  fhewing  the  edge 
of  the  other;  fpfp  forms  an  entire  partitidn;  ^Ihat  ail  tM 
tommunicatiofi  bertweeii  the  upper  and  nether  paAs  of  the  box 
lire  at  BC;  D  is  the  nave  through  which  the  vanes  are  cquj* 
fielded,  and  OO  is  the  arbor.  Fig.  12.  (hews  a  vertical  fe£Hot| 
fhrough  the  fame  line  j  C  and  B  (hew  the  farte  vanes  in  the 
fame  pofition  as  before.  The  nave  iii  the  middle  h  open  to 
feew  how  the  two  "vanes  are  conn^fted.  Another  two  being 
conneded  in  the  fame  manner,  will  have  liberty  to  turn  a 
quarter  round  without  obftrufHon  by  the  crctoke4  part  of  the 
communicating  axis  s  this  is  the  (team-pipe,  and  the  Qxhaufting- 
pipe  may  be  placed  ariy-where  above  thci  partition*. 

^  The  author,  at  the  fame  time  that  he  entertains  the  greateft  refpcft 
for  thfc  pradical  talents  of  the  ingenious  connributor  of  this  defcriptivc 
hiftoi^,  and  of  the  inventor  erf  the  ileam-wheel  juft  defcribed,  ftill  thinks 
it  right  to  ftate  his  apprehenfions  that  it  may  not  be  found  in  pnuftice  to 
ppQeiil  ati  the  advantages  which  at  firft  view  one  would  be  inclined  to 
afcribe  to  it.  Is  there  not  fome  ground  to  fear  that  io  this  contrivance, 
beffdfts  the  force  Toft  by  the  a^ion  of  the  fleam  upon  the  edges  of  the 
vaAes,  VUtt^  will  be  a  conflderabic  lofs  arffing  from  the  greater  firiftioa 
at^endtn^  its  operations  than  thofe  of  a  common  fteam-engtne  ?  .In  ttiis 
fteam-wheel  there  will  be  a  great  quantity  of  rough  furface  (that  of  the 
ili^Rng)  expofed  to  frequent  conU<ft,  and  confcquent  refiftance  to  the 
jnoving  from  the  fixed  parts.  Befides,  as  the  ftuffed  parts  are  here  of 
^eat  exteiU  with  regard  to  the  magnitude  of  the  machinery,  and  eKhibit 
'  rapid  variations  trf  (hap**  they  may,  when  brought  into  conitant  work, 
be  found  difficult  to  keep  in  order.  Whether  the  difadvanUges  which 
piay  arife  from  Aefc  caufcs,  m?ty  be  as  great  asthcfe  that  are  known  to 

tttcnd  thejRther  engines,  and  particularly  whether  they  wUlbeeq^t- 
atent  tQ  th^^rcc  abforbed  by  giving  a  new  impulfe  to  the  Whole  m aft 
of  matter  fubjedt  to  the  reciprocating  motion  at  every  change  ft  <he 
*^  dirciaibnVcan  only  be  fatiafii^Oriry  afcertaincdhy  mbjediiig  both  engines 
,  .tb  totetoaTative  work  in  as  nearly  tJtie  faraecircumftances  as  tVdiffcrcncc 
in  conftrufti^n  will  admit.    But  if  by  further  attention  to  this*  ingenious 

c  c  a 
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..^  Jt<?««iiU  be  wiployiijg  time  to  yer)FJUtj[e.|Ai|[po(B  fe^  fqfr 
merate  the  various  proje^is  which  arefet  up  to  rivaji.Mi'i'&Ws^if 
engine  ;  and  if  we  had. not  feen,  that  the  mod  palpable  abfur- 
dit^i^  are  not  without  patronage,  apt  in  engineering  pnlfy  bui 
in  concerns  of  greater  or  lefs  importance,  wq  (houM  not  b# 
^\»  to  account  for  the  preference  fhewn  to  fome  of  aa4|aftr 
/neritorious  produ£lions  as  have  peftered  the  wosid  at  any  ag^^; 
but  the  misfortune  in  our  country  is»  that  we  all  are  great 
mechanics  and  fage  politiqiansi  and  while  one  engine  is  con* 

Sqiied.  on  account  of  its  complex  con(lru£lion,  nowevcr  efp 
tial,  others  are  celebrated  for  their  fimplicitjt   boFWUvei 
abfurd.   «  .  •        - 

W^  9u^ft  howe^rer  redeem  from  this  charge  an  ennne  J07 
vented  by  Mr.  Edmund  Cart wright», which  h^  as  mu<^  |ntrit 
as  can  poflibly  be  attributed  Jto  a  gentleman,  engaged  in  tbe 
purfuit  of  mechanical  ftudies  for  his  own  amufement.  JVlr% 
tart  Wright  fthas  two  very  important  defideratain  view^  a  tight 
piftqn  and  a  vacuous  conden&r;  that  is  to  fay,  a  condcnC^^f 
|r^^  which,  the.  atipofphertc  air  is  excluded :  to  iiCQpmplji^ 
jwluch  it  ]««made  pf  as  thin  copper  as  it  vdU  admit,,  ei^poiling.fi 
largp  furface  to  the  water,  then  the  (team  internally  comes  it| 
conta^  with  the  metal  of  the  (ame  temperature,  and  hence, the 
condenfation.  We  wiih  it  were .  poflible  to  put  thisgn^ad 
deiign  into  a  decided  efie6l :  but  from  fome  particulars  we  h^flC 
obferved  in  the  do^bine  of  condenfation,  no  method  yet.  ex« 
piored  will  obtain  to  rapid  a  condenfation  as  a&nal  cQ^UaQ 
with  the  water ;  we.  do  not  account  for  this  by  any  chemical 
affinity,  but  by  the  expofure  of  furface ;  for  the  experim^t  l^a 
been  tried  to  oui;  fatisfadion,  -that  when  the  jet  was  n^  in  a 
tiifperfive  ftate,  the  condenfation  was  tariiy  and  inadive, ^  and  if 
it  wert;  poilible  to  difpcrfc  the  jet  into  a  miil,  weihoold  obtain 
t^e  mofl  prompt  condenfation  poflible, 

Butilill  we  do  not  conceive  an  iniUntaneous  condenfatioii  is 
abfolutely  neceflary  \,.  for  if  it  is  performed  during  the  tii^of 
the  required  ftroke,  that  is  all  which  is  wanted.  We  omujotiisiy 
whether  Mr.  Cartwright  has  fucceedcd  ultimately  to  this  point 
ox  not. 

'  We  remember  to  have  feen  preparations  for  an  apparattta  foe 
this  mode  of  oondenfing)  fomeyears  fince,  by  an  aflembhigevof 
ta^  pipejrof  about  a  quarter  of  m  inch  diameter,  expomig  a 
furface  of  between  90  and  ibo  feet  to  a  2.0-inch  cylinder  y  but 

.  *  * 

contriyance*  Mr.  Hombtx^wer  (hould  be  able  to  work  his  fUam^wheel  in 
SL  oiannyr  f^ie  from  any  material  drawback  upon  tht:  advantage  s^Qg 
Iram'its  cQnfUnt  rotatory  juotioh  in  one  diro^ion»  it  \vovUd  tlicn  uJi« 
.^ubtecQy  b^  fuperior  to  any  (teum-engiqe.of  which  we  have  ever  hear^i 
,i)f.iriaj  has  probably  bcun. yet  invented.  ,     . 


CarifvrigU^}Stidtn*lSrtgims.  ^i& 

M  ic^tot  fiVim'a  ructe  hand  prevented  it*  ai$J)Hcadcm1fcr  ftiat 
tih!C,^aiid'we  do  lidt  thhit  it  vas  ever  refumed  ^  "  '  • '— • 
Thiepatking  of  Mr.  Cartwrighfs  piften  is  cohipofed  bf  H 
fetiet  of  fe^enfs  (rf' brafs,  the  arches  of  wfarefa  cbtffonh  ex*A!^ 
to  ehectttttmference  of  the  cylinder ;  thefe  are  to  be  lavd  bti>tk^ 
i^erge<bf  the  ptfton  fo  as  to  make  one  entire  difi^,  then  anodlefr 
ahi  another  ftratum  (bper  ftratum  until  the  defined  fhicknd^ 
is  acquired  :  then  to  keep  thefe  fegments  in  conftant  tendehc^ 
tb  the  place  jof  a&ioR,  there  are  a  fct  of  fprings  verv  nicely  coiil 
tt9ved  to  z6t  on  the  concave  edge,  which,  no  donpt,  wilVfeee^ 
Aeida 'to  their  work ;  but  the  difficulty  is  how  to  preferve  the  m- 
at  the  jun£tures:  it  is  impoffible  for  the  fegment  of  a  ffnaM 
ciifele  to  become  the  fegment  of  a  larger  circle*.  But  we  do* 
not  fuppofe  Mr*.  Cartwright  to  have  intended  this  saetaRld 
packing  to  compenfate  die  irrcgmlar  figure  of  the  fteam-veffeli 
tor  it  is  impoffible ;  befide,  Mr.  Cartwright's  notion^  of  accurac;^ 
iKkivld  neVer  fnfier  him  to  admit  a  fteam-veflerto  his  engine 
%hieh  wxs'noc  a  perfeft  cylinder  ;'in  which  cafe  thefe  fegments 
ihay  hafrebut  little  wear,  though,  if  they  were  of  metal  in  any 
degree  (bfter  than  the  cylinder,  the  duft  which  will  find  its  way 
AjetCf  would  wear  away  the  cylinder  fo  as  to  h4  fenfibly  detrt^ 
tneritBi:  added,  that  this  packing  could  never  apply  to  a  double 
engine.  It,  however,  fcrvcs  as  a  very  elegant  Ipecimcn  of  the 
inventor's  inclination  to  accurate  worVing. 
/  Sitice  the  above  was  written,  we  have  fecn  an  engine  of  Mr. 
C^Mtwright's  at  a  tan-yard  near  Horfley^Down,  which  gives  great 
AetsfaAion  to  the  proprietor.  The  pifton,  by  the  account  of 
the  tender  of  the  engine,  has  not  even  been  looked  at  for  many 
monAs,  nor  has  he  any  indications  that  it  will  be  ncceflary  for 
foany  more.  This  account  receives  ftrong  confirmation  by  the 
appearance  of^the  quantity  of  condenfed  fteam  which  is  dif- 
charged  from  the  engine  every  ftroke,  which,  as  it  is  riot 
jetted  in  the  common  way  (by  injedion),  can  be  very  eicafily 
^tmtted.  Its  conftrudion  is  very  fimple,  and  it  performs  its 
operatSms  very  fmoothly  and  efie^lruallyt. 

'  *  Admitting  that  thefe  fegments  wear  away  on  the  outer  arches,  the 
iaaer  arches  muft  recede  from  the  centre^  and  therefore  will  be  one  con* 
CittUcd^dedodlott  from  the  entire  cirde. 

..  f  Mr.  Cartwright's  contrivance  for  preferring  the  parallel  motioB  of 
^e  pifton-rod,  at  the  fame  time  that  it  communicates  the  rotatory  motioa 
io  the  fly,  is  very  ingenious,  and  is  therefore  fhewn  in  plate  XXXV.  fig.  3. 
where  P  Is  the  top  of  the  pilton-rody  upon  which  is  fcrewed  a  tranfverfe 
b^  B :  to  the  ends  of  this  bar,  at  equal  diftances  from  the  top  of  the 
fiiflonHDd,  are  attached  the  two  ^ual  connedingrods  H»  H,  which  as  the 
^ftoA  rifea  and  falls  turn  the  cranks  and  the  two  equal  wheels  W,  W| 
thefe  two  equal  wheels  work  into  each  other,  and  one  of  them  drivca 
th^  pinion  C  upon  the  fame  axis  as  the  fly-wheel  O  ;  thus  conimuntcat^ 
iog  the  rotatory  motion  to  the  other  parts  of  the  machinery.  Author 


jMn  '  :-l|^CiUi£lIl&; ; . .  .A\'y 


ftaQdSs  is  the  work  of  fix-RndUhirty  j^dHh  PUftd  jirf:  m^f  hdii  it 
96  complete  in  its  kind  as  it  poffibly  can  be.  « It  tes^rcyx^rcifed 
s^  jthe  i^g^witty  of  tJie  iave«|or»  b8G4«  IfoqiMem  tccfftttui 
frof]^  t^  ingenuity  of  other  me^i  "wmom  pMtMl$«na^all«l 
conceits  m  doubt  will  abound  to  rival  ii»  ^x^eltMicm  and  lioMr 
only,  tjie  obiter  in  i^umuin  ajSairei  wili  deiormMie  ibtif: r£us« 
Wf;  wo^ld  r^thcfT  f<fe  a  laudable  eofispetitioii  |i«b?iiU  to^fimyUlf 
its  i^rt%  without  affcdiag  dhe  princifkt  diher  by  rodMtoi; 
^b#ir  nuoiberi  or  by  difiiej^fipg  ^ith  thoir  coftly  fioiih^  or.pcM 
haps  botbf  tl^at  it  may  com«  wijtbin  ^  cbv$ft^  of  Ac  inid41«i 
x^l^.  as  well  as  of  the  m^m  opuleiK :  and  die  amifdm  k^ikm 
QE^mple ,^!idll  def^XY^  wcU  of.his  ffonncryk 


• 


.  II.  ^  coTntpmairation  from  l/ff.  Fa; ey,  jwii^c 
FL  XOL  fig.  I.  reprieiients  a  SrEAU-EviQitm,  ope&cd.  t« 
i8p2«  by  Meflrs.  Murray  and  JT^  of  Le^f,  for  framiti 
J^riwhf^  efq.  at  bis  tan^yard  in  Willow  Wal]c^  Bermonitfey.» 
aj^d  ^«  ;t.  repre&nts  foiqie  parts  thereof  on  a  laiger  feak :  ib 
is  theihalit  for  conveying  the  power  of  the  engioe  to  vkA 
bark -mill  and  feveral  pumpis.  T^ileam  fron».  the  boiluK 
tera  through  the  pipe  B  in^o  the  afiemblage  of  pipe^, 
tenned  ff^^fls^  or  valw-bfix^s^  reprdentpl  fep^uml^eiy  in  fig.  ^ 
wh^ch  opptaiii  the  yalres  fordiftribiiting  the  fteam  at^MofciC' 
intervals  into  t)ie  cylbd^  CC,  ai^d  letting  the  fame  ott^g^ 
tQ  the  comlcqifer  M»  The  cylinder  CC,  which  is  csiled  vitk 
vopd  tq  ^p  in  the  heat,  nas  a  folid  piiton  moFing  in  kf 
whpfe  fiolilhed  pjflon^rodty  paiTes  thrpug^i  a  ilufiing-boa  ;  thft 
upright  (notion  of  thi^Tod  is  cpnyertcd  into  a:iocaxy  oQe  by  tbe 
fbUowhig  coptriranp^ :  the  circular  rim  £,  t^ircft  feet  diasnfter>^ 
with  i^^^iXiiytwo  teiedx  on  the  ififidej^  is  firmly  iiaced  and  iv£*^ 
pended  from  the  floor,  1>y  two  caftriroa  pUlaraFF  and  hfacea* 
LL;  the  fmall  wheel  O,  of  eighteen  in^be^  diamator  ^nd' 
thirty r  fax  .tepth>.  i§  n^ade  to  fcyplve  within-fi^e  of  the  run,  ib 
SVS  always  f o.  touch  t|xg  teeth  by  a  pin  (the  end  of  which  is.Uh 
prelenced  m  the  centre  of  the  wheel  G),  firmly  fixed  on  tHus; 
wheel  H,  parallel  to  its  axis  A  A,  with  which  it  always  moves  |, 
and  nine  inches  from  its  centre^  on  the  circumference  of  the 
wheel  p»  \i  ^  hplt  ll,  fcrew^  on  perpendicular  tp  its  plRa«»  ja 
fuch  a  p{ac6,  thj^  when  th&  whet^  G  is  at  th«  bottom  of  the 
rim  £,  the  bolt  is  on  the  loweft  tooth  \  and  when  the  fmalt 
Mrheel  is  at  the  top  of  the  rim,  it  is  on  the  hxgheft. :  to  ^{usbolt 
the  plfion-rpd  £)  and  the  air-pufnp-rod  K  are  atu^died^  ^d  ffae 

t<^«  pi^  thpfe  ro4%  by  mpv^  ^g  ^.dpwQckTiihi^lu^ff^^ 


Murray  afHl-ff^^o^^^^ibm^Eftgine, 

ffidfiM^^'lihtft  %he^,aitfd  ^bn  tfab  fame  fiiaft.  tSee\he  ^iiidtt 
tiiKkULA  M&iknJ. 

TSfc  ^l*red  «,  ^tt  \ht  «ri8  A  A  of  the  ijr-whc^l  HW,  ccrfWAiu: 
ftieate«  4tt  liitlon  bf  1}|«  wM«eh  fhbwn  iti  ii^.  2,  tb  the  'wheet 
*;  «#Mth  %Kl^8  are  16  tbtotrited,  that  enne  fevolution  of  \h& 
fy  Will  jWddtfee  <mt  tf  tli6  wheel  &,  on  "^^e  &tis  ak*e  two  ^c- 
cenfrit  irfned^  r  Md  rfj  Whidh  alternately  raife  the  rods  e  zhi/^ 
filf  <>|pefiliig  Ae  valves  cofitained  in  the  utort  eyliftd^rk  6t  valve- 
tettes  ;|r  Md  ^  i&  /  .each  of  theFe  hotes  has  three  divifions ;  the 
flppet*diVffich  tf  tiie  upper  box  cont^iiDs  a  valve  t,  called  the 
li^eP  Jham-iwihe  i  its  tife  ih  tb  admit  ftcam  from  the  boifer 
Afou^  die  pipe  B|  into  the  mtddie  divifiod  vi^hich  commtihi- 
tatfts  witii  the  cyKnder ;  in  this  box  is  ^  valve  2  (which  is  move4 
Irf  « tod  paftng  thtt)ttgh  the  rtA  tjf  the  mhet  ValVe  i),  called  the 
if^fper  evMen/tng'^fohi  (or  eifhauJKng-Vdtve)  ;  it  is  for  opening  a 
f^age  frdm  Ac  top  of  the  xrylmder  t6  the  condenier  by  tjid 
^w-f.  fti  the  fame  manner,  the  tpptet  valve  3  ctf  the  lower 
BM  "b  called  the  fon^frjkam'Vahe^  and  fc  for  admitting  ft'eaiii 
iMoilie  \emtt  patt  c/f  me  cylmderby  means  oT  the  pipe  r;  this 
valve  4  is  fot  ^rtiefting  the  bottofti  of  the  cylihdcr  wifli  thi^ 
4M#ellfer,  afid  is  tiherefote  caQed  the  hnver  condenfihg-wtve., 
Tlfe  Ttod/cenneSs  ^t  its  to)p  with  thfe  upper  tvnSihftng^valve (i\ 
Md  the  ionotr  JtiaiH"wdvjt  (3)-at  its  bottom ;  it  Will  therefore^ 
Vl^ito  It  h  lifted  «p  by  the  eccentric  wheel  ^  open  thbfe  valves,* 
sftid  by  eatiffng  a  vacuum  above»  and  a  preiSfurfc  6f  Beam  be- 
fMtth',  the  pifton,  ftrce  it  TxpWai>ds,  atid  move  thefiiachiAory:^ 
sdfe  Ae  tM  *^  cottneUing  with  the  i(pper  pafh-vake  t  at  its 
lop,  and  the  Ivwer  caridefifing'Vci'OB  4  at  i^s  bottom,  beinj  fiftcdf 
lip  by  thft  itccenttic  wheel  r,  WBl  caufe  thte  JilftiJh  tb  defcend; 
bttt  tlife  urtll  not  be  the  cafe,  ufifefe  bnc  red  is  riefmitted  to  de- 
fcend by  ks  bWti  weight,  as  the  other  is  lifted,  btherwtfc  the 
ftcam  wifl  leave  free  paflkgeitbm  the  boiler  to  the  condenferj^. 
which  operation  is  called  blowing  through. 

The  condenfer  M  is  a  cvlindric  veflel,  imo  which  is  admitted 
a  fmall  jet  of  cold  water,  by  the  cock  /,  called  the  inje£lion- 
cock :  tne  bottom  of  the  condenfer  communicates  by  a  fbort 
(Spe  O  (whl'ch  pip6  6ofttains  a  valve  ftiuttinp  towards  the  con-i. 
denftr),  With  tne  air-pump  P,  four  inches  diameter  and  three 
ffcet  ftroke ;  the  pifton  of  the  arr-piimp  has  a  valve  in  it,  and  is 
Droved  by  the  tod  K,  as  before  defcribcd ;  the  air-pump's  office 
a  to  extraft  the  Water  6f  the  coficfcnfed  fteam,  i^cftion,  &c. 
from  the  cbndenfef ,  dnd  keep  the  vicuum  pcrfcfij-  The  air- 
pdmp  imd  condenfer  niut!  be  in  a  well  or  cifteni  of  cold  wate^* 

T6  Wortf  ffiis  engine,  ttie  ftcam  muft  be  made  of  fuiEoient 
dMftteity  W  i^WtAVtf  dut  of  tbc  boiler  wiicn  penmtted ; 


up  ill  »  fnmH  dcgr^y  snd  open  all  the.vafare8»«b,<^nDt>}  und-vdie 
ileim  ii7  M^wii^  i)^04Mi(f  !viU.eKpeLthe)«r«lMr^  .airttifca  wUch 
iBiay  bjive  filled  tfacic^ioder  tnd  Qoodcnferr.at  a^jr^vi^^flmMisig 
putWgiii^  in  the  €o»denferier  that  pttrp9fe...Wli«a  it  is  tboight 
that  tb^.aur^  ^»  ie.all  driven  otit».  one  or  other  of  .fhehaoiilea 
siikuil  W  dfopped  (accordtog  to  the  pofilion  Q(.tlie'«rbeel.&}; 
tbiei  injection  cock  /  \%.  thjsn  opened  by  its  handle  ^»  ..whkfaiiud- 
dfinly.pQoliiig  the  It^mj  Kcdttce8  it  to.  the  bulk  it  fiamuMlyi^f- 
feiTedin  the  boiler,  and  forms  a  vacuum  in  the  condenfer^  'the 
\  jleam  £rom  tbe^.  cylinder  which  ruihcs  in.  to  reflioie  the  equili-f 
J^iui^^ifi  .condenfed  at  it  goes»  and.Almoft  inftant»iie<mfly.  a 
.^liearlv  p^rfed  vacuum  is.formed  on  one  ilde  of  thep^koa  \  :«id 
4h€^  fteam  iiom  the  boiler  prei&ng  on  ^Mt  othec,  deftrogrs  4die 
equilibrium  on  it,  aad  put^  the  engine  in  motipn.  When.  Ae 
pifton  if  at  the  top  ox  .its  ftroke  by  the  arrangement  of ;  i^e 
vheel&in  fig.  3>  the  eccentric  wheels  will  Hfttherod  #  (ait«the 
^e  ^he  lod/is  permitted  to  defcendby.ita  weight),  and xaiife 
j|he  pifton  Xp  d^^fcencl  \  and  when  at  the  bottom  .tm  rod/wilKt^ 
lifted,,,  smd/  w#U  fall*  .which  fbroes  it  upwards  again, 

To  fto^  thQ  entrine^  nothing  i&  neoeflacy  but  to.lift  np  h^lh 
Uie  Jumdles^and  i&ut  the  inj^lion-cock  (which  fliould  admits 
be  fiiui  when  the  engine  is  not  at  work),  to  prevent  the  con- 
denfer  from  .filling  with  water ;  and  as  foon  a&.  the  masnaotqto 
of  t^e  fly- wheel  is  fpent,.  the  motion  of  the  enginrwill  ceafe; 
it  might  alfo  b^.fto|mcd  by  only  cutting  off  the  injeidion,  which 
vrouU,  after  a  connde^rable  nun^ber  of  ftrokes,  rendcv.  the  w. 
CMum  fo  imperfedl  ^s  to  deftroy  its  power.    > 

The  cylinder  of  this,  engine  i&  twelve  inches  dianeteiv  asid 
has  a  thr^^eet  ftroke  \  its  power  is  computed  at  four  hot&s, 
it  makes  about  fifteen  ftrokes  per  minute,  and  bnma  about  nine 
buibels  qf  coals  in  fourteen  hours,  being  the  ufual  pemd  of 
working. 


,111.  M.  Bettancourt^  whofe  curious  and  valuable  experiments 
.on  the  expanfive  force  of  fteam  are  mentioned  in  the  introdtto- 
torv  part  of  this  volume,  was  employed  by  the  9ppr|  of  Spainij^ 
maKe  a  collefltioh  of  refearches  and  of  models  for  the  perfe^ion 
of  hydraulics :  when  in  England  he  took  opqafion  (^^cofding  $». 
]\L  Prony)  to  vifit  the  ftcam-englflies  /fiw^^'w.  if /wTj/ of 
TVIeflra.  Boulton  and  Watt,  He  Caw,  in  part,  the  exterior  coH- 
ftriiftlon.  arid  operation  of  thoie  machines  >  i^xy%  tl^eint^ri^rjaie- 
l^^pifo.  wa*  fo  cpxiceJed^.^tJb^t^^. JS^ttAi^^c^^ 


.'«Uftiatfi«reveiiippr6Ad^  vUch  aie-  ufbaiHy  pttt  at  t^e  ^tftrcMi- 

^tkansf  diB'-fMicbttaBi)  and  feparaung  wstUt,  &c.  «pvereiMi 

*Um  irakn^  axaniahig-^U  ^van:  of  the  exterm  patts/  fe  ba 

::«tbia«iiigUyrta  imdamnd  diMr  ootvefpoiHbtice  and^coaipltts 

i.^thSb:  ba  soockidedy  notw^itliftadidiDgi  irom  litS'ebfenratioiti^ 

4bat  tbepifton  -of  the  ^iindcr  was  urged  wkh  the&me  ^fibfc, 

.bath  inks^dofoent  and  its  afoent ;  and  this,  in  fad,  ii^as  diCco- 

ivortng  the  doubk  efied  which  conftitntes  eflentiaUf  the  chief 

liiaptoremcut  made  in  thefe  machines  by  Mefits,  fioukon  and 

Watt* 

.   M.  Bettaacourt  foon  after  detifed  fome  fteam<>engl)ies  «£ 

.  doable -efieA;  one  of  which  being  vetj  fimple  and  iHgeniboe^ 

May  here  be  defcnbed»  at  kaft  all  wliicn  is  ^cuKar  to  it.    See 

£gi  3.  pIvXXXI.  The  Aeam^coaiing  in  the  ordinary  way  from 

-Ihe^boiler,  wfaiclt  is  omitted  to  render  the  defign  more  fimpfe, 

fafles  •through  the  tube  ^9  and  int^ducea^  itfeif  bf  <he  apertufc 

'  tr  into  the  fpace  of  which  the  eirde«#/  fepreienis  the  profile  t€- 

HMtical  Xedion.    This  chamber  ie  hasy  befidea  the  oriike  ^ 

ewocther^  the  one  placed*  by  the  fide  of  die  canal  ^,  to  com* 

municate  by  means  of  that  canal  with  the  fuperior  *part  B  of  the 

>cylii«ier  BJB' ;  the  other  plaeed  below  at  v\  and  cemmuaicatea 

hf  meaha  of  the  tube  or  caiial  v'  d  tvrkh  the  litferi^  part  B'  -ef 

-  the  cylinder,  of  .which  thtf  pifton  is  repvefeoted  in- X%  ;T&e 

ijpaac.or  circular  chamber  /'  e"^  conMnunieates in  a  fimilar  liiliii- 

Qerwith  the  upper  and  lower  parts  of  dte  oylindet,  by  me^na* 

.of  the  tube  m'  d^  and. the  canal  d.    Moreover,  thit)  chamber 

d'  ^"cooEununioatea  by  means  of  the  orifiee  t/''  with  die  chaAi- 

hetff^  where  the  ralve  /  is  found  adapted  to  the  aperl^we; 

durongh  which  iffues  the  water  of  injef^ion  deftlned  to  condenfe; 

the  vapour :  this  vahre  is  alwaya^  open,  eacept  when  we  would 

ftop  the  machine  \  but  it  may  approach  Che  orifice  more  or  kfSj 

according  to  the  Velocity  which  \^e  would  give  to  the  pifton. 

The  outlets  v  and  v"  are,  in  like  manner,  alMrays  opeo. 

The  orifices V,  ti'^and  thofe  which  eftabliih  the  communica- 
tion with  the  cylinder  by  means  of  the  canals  d  and  d^  aro 
dofed  alternately  by  the  valves  g  A,  or  g  V  of  a  particiilat  kind. 
Fig.  3*  no*  a.  repreients  the  pronie  of  either  of  thefe  valves.  The 
port^  h  curved  into  the  arc  of  a  circle  of  the  fame  radius  as  that 
of  the  vertical  feAions  //,  •'  e*\  and  turning  upon  an  axis  placed 
at  the  centre  ^,  may  in  irf  rcvoiution  clde'  any  aperture  whatw 
€99  placed  upon  the  etrcntfiferenoe-of  thofe  fe£iions. 

This  being  undetfteod,  fuppofe'thit^s  in  the  ftate  tepto* 
fimied  ifi  fig.  3.  no.  1.  and  the  vacuotn  eftablilhcd  in  the  part 
of  tthe^^linder  above  the  piftoin.  ^The  fteatn  wintering  by  tha 
Qn&Qit*'v^  fiadft  die  caQai^l<^fed,  pafies  through  die  tubo 
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t/  iTt  tet  omoot  iofcrodnoe  itfttf  lotoitfae  idutodicr  /U"'  iia» 
cftVfe  of  the  valve  g  H  \  it  ^eraCon  entbre  vriMoUf  mtir  tfav 
IsMper  part  W of  thecylvider.  Henoe kadbutKXitbepiftttvXf 
«4tb  all  th9  ettvfgy  of  wkich  it  is  capaUe:  the  pifton  puflKft' 
tfat  great  beam  by  wcwt  of  tke  pUbiMrod  JQL,  aodtfae  opipiH 
file  pait  of  diat  beMn  ads  ^wWi  a  Hke  efibit  vpott  the  rod  ot 
kir  deftiaed  to  give  -the  romtorr  notioii  to  the  Aj.  The  {nftoil 
X  haviiip  thus  arrived  at  the  aigbeft  point  ef  its  coitffe,  the 
vaive;'  n  makes  a  part  of  a  votatioiii  fe  as  eociofe  dse  oaficie  V^ 
jmd  open  the  canal  4I  i  in  the  fame  time  the- vah«  gi  makes  past 
of  a  revolution  ixkcwire>  to  clofe  the  aperture  v  and  opeift  drt 
etmal  d*  The  aqueous  ^s  ooatiffning  to  enter  at  v,  wiidk  is 
cooftantly  op(m»  finds  the  orifiee  9  dofed,  penetrates  hnto  liae 
canal  d,  and  not  having  air^  psiflage  tihtough  tlie  orifiee  tJ'f  goes 
•mtrely  into  the  upper  part  of-  the  cylinder:  during  ftUs  fimsf 
she  fteaxn  which  viras  in  &'  is  eapeiled  through  /,  penetratosiotis 
«%  idliich  is  always  open»  attd  becomes  condenfed  abltat  the. 
valve/.  By  thefe  meaos  the  fteam  Irhich  enters  B^  a^Htigwithr 
all  its  energy  upon  die  piftoa  X,  makes  it  defcend,  sM  pv^ 
dttces,  by  defoendiug,  equal  efibds  to  tiiofe  it  caufed  mkear 
:ibendifig*  The  piAoUy  then«  having  arrived  at  the  lofW«fr 
point  of  its  ceurfe^.the  v^iftgh  whurfa  olofed  the' orifiee  t^V 
and  the  valve g  b\  wliich  cloted  the jorifioe  v\  vetKtt  bodi  l» 
their  primitive  fituation  (  and  fo  on  throv^hout* 

The  extent  of  the  ftroke  of  the  pifton  muft  mantfeftiy  be  fiiksli- 
that  the  apertiHies  of  the  canals  at  i^  and  4\  placed  in  she  fide 
of  the  cylinder,  are  never  ftopped  by  ^  pfftoiK 

It  is'aimoft  needleft  tl^fay,  Aat  lh»  iflterJotHifllinnifrii  fe* 
lative.to  the  valves  gh^  g  h\  may  be  moved  by  varkHis^colK 
trivance^  each  depending  upon  the  alternating  metkm  of*  die 
ffifton:  fo  that  no  other  agents  will  be  required  dttHnti^^romt 
the  niachinety,  tfaaii  vrhat  are  vranted  for  keeping  up  die  fiit«  - 


IV.  Be&nre  we  entirely  quit  the  fubje^l  of  fteam-^ngbes^  wei 
(ball  pKeiJBint  the  reader  with  fome  account  of  the.iase  itoptarC'" 
ncnts  in  their  conftrudiooj  &C.  by  Mr.  jiribur  Wodf* 

Mr.  Woolf  founds  his  improvements  on  a  very  impoftsntr 
dlfcovery  which  he  has  made  refpeAing  the  expanfibility  of  ^ 
fteam  when  increafed  in  temperature  beyond  the  boiling  pointy, 
or  sia""  of  Fahrenheit's  thermometer*  It  has  been  known  ibr> 
feme  time* — ^and  for  this  difcovery  the  Worid  is  indi^ited  to  Mr. 
Watt,  die  principal  improver  of  the  fteam^engine-Hihat  ikeaoic 
a£ting  with  the  expanfive  force  of  four  pounds  the  iquare  itKh* 
ag^init  a  fafety-vahrc  ezpof^d  to  the  atmofpfaere^  is  c;^bk  o£i 
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exi^nding  it&lf  to  four  times  the  voiume  it  thm  «ccupies> 
ami  ftill  to  be  «qual  to  the  preffure  of  the  oemofpfi^rr.  M«: 
Wooif  has  discovered  thst,  in  like  mimaer,  fteam  of  the 
lEotaee.  e£  fiare  pcnmds  the  fcroere  inch  can  expand  itftlf  to  five 
timel  it9  tolmne;  that  ttaSes  or  quantities  of  fteam  «^  the 
like  expahfive  force  of  fix,  feven,  eighty  nine,  or  ten  {lotfnds 
the  fquare  inch,  can  expand  to  fix,  feven,  eight,  nine,  or  ten 
tsmestbetr  voh^mes,  and  ftiH  be  tdpeClirely  equal  to  the  at*- 
Siofjrfiere,  or  capable  of  producing  a  fufficient  aftion  againfl: 
die  pifton  of  a  fteam-engine  to  caufe  the  fame  to  rife  in  the  old 
ei^nc  (mtk  a  counterpoife)  of  Newcomen,  or  to  be  carried 
kito  the  Tacuous  part  of  the  cf  Under  in  the  improved  etigii«ee 
fipft  i>rought  into  effe£l  by  MeflTrt.  Boulton  and  Watt  \  tfh^ 
das  ratio  is  progreflive,  and  nearly  if  not  entirely  uniform,  fo> 
that  ileam  of  the  expanfive  fbtte  of  twenty^  thiity,  forty,  or 
fifty  pounds  the  fquare  inch  of  a  common  iafety-valve  will  ex« 
pand  xtfelf  to  twenty,  thirty,  forty,  or  fifty  times  its  Ydmne  % 
and  ehat,  generally,  as  to  all  the  intermediate  or  higher  degrees 
of  claftic  force,  the  number  of  times  which  fteani  of  any  tem« 
pnatnre  and  force  can  expand  itfdif  is  nearly  the  fame  as  the 
tfusnber  of  |>o«nds  it  is  able  to  fuftain  on  a  fquare  inch  expofed 
to  the  common  atmofpheric  preffure ;  provided  always  that  the 
ipace»  place;  or  veflei,  in  which  it  is  allowed  to  eicpand  itfblf,  be 
of  the  fame  temperature  as  that  of  the  lleam  before  it  be  allowed* 
rcjom  to  expand. 

Refpe£iing  the  different  degrees  of  temperatUM  required  to* 
bring  fteakn  to,  and  maintain  it  at,  difierent  expahfive  forces^ 
above  the  weight  of  the  atmofphere,  Mr.  Woolf  has  found,  hj 
adual  experiment,  fetting  out  from  the  boMing  p(Mnt  of  water^* 
or  'aia%  at  which,  degree  fteam  of  water  is  only  equal  to  the 
prefiiire  of  die  atmofphere,  that  in  order  to  give  it  an  increafed- 
elaftic  force  equal  to  five  pounds  the  fquare  inch,  the  tempera- 
ture muft  be  raifed  to  about  aayf^  when  it  will  have  acquired* 
a  power  to  expand  itfelf  to  fivetimes  its'  volume,  ftill  be  equal 
in  preffure  to  the  atmofohere,  and  capable  of  being  applied  as 
fttdi  in  the  working  of  fteam-engines,  according  to  his  inven*- 
tion ;  and  with  regard  to  various  other  preffures,  temperatures,' 
and  expanfive  forces  of  fteam>  the  fame  arc  Qiown  in  the  fol-' 
losing  table ; 
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^able  of  the  relative  preffure  per  f quart  inch^  iemperatures\  Btti 
export/ibility  of  Jleant  at  degrees  of  heat  dbove  the  bciHng  point  df 
tvttter^  hegitming  with  the  temperature  of  Jham  cf  an  ehjfif 

y  foree  equal  to  five  pounds  per  fquare  tnchy  and  extending  tofitattt 

'  able  to  fttftain  forty  pounds  on  the  fquare  inch. 


Steam  of 
an  elaftic 
force  pre- 
iominat- ' 
ing  over 
ihc  prcfr    i 
fare  of 
the  attno- 
^ere 
upon  a. 
iafety. 
falve« 


'l^unds  per 
tqvare  Inciu 


5 
6 

7 
8 

9 
lo 

'5 

20 

30 

35 
40. 


requires 
to  be 
I  maintain^ 
>ed  by  a 
tempera- 
ture equal 
to  about 


Demet 

of  Heat. 

2Z74-' 

230^ 

232^ 

23St 

237t 
J  239t 

^  2SOir 

259t 
267 

282 


and  at 
thefe  rc- 
fpe^^ive 
degrees  of 
^heat,         i 
j  fleam  can 
I  expand 
itfelf  to 
about 
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Expan- 
fibiHcr. 

5' 
6 

7 
8 

9 

16 


times  Its 
Tohune, 
dnd  coh« 
ttntie 
equal  in ' 


IS  (eltfttrfty 


26 
25 

35 
L40J 


CO  the 
prefliire 
of  the  at- 
mofphere 


So  in  like  manner^  by  fmall  additions  of  tempemtare,  aa  ex- 
pandve  power  may  be  giren  to  fteam  to  enable  it  to  expand  to 
tfty,  fixty,  feventy,  eighty,  ninety,  one  hundred,  two  hun- 
^tcdf  three  hundred,  or  more  times  its  volume,  wkhoot  any  li« 
Citation  but  what  is  impofed  by  the  frangibie  nature  of  every' 
material  of  which  boilers  and  the  other  parts  of  fleam-engines^ 
liave  been  or  can  be  made;  and  prudence  dilates  that  the  ex- 
panfive  force  ihould  never  be  carried  to  the  utiiioft  the  materials 
can  bear,  but  rather  be  kept  con (iderably  within  that  limit. 

Having  thus  bri^y  explainied  the  nature  of  Mr.  Woolf 's  dii^ 
cx>ircry>  we  fliall  proceed  to  give  a  defcription  of  his  improve- 
ments' grounded  upon  them  ;  and  for  which  he  has  ofc^ned' 
tbe  ufaal  feeurlty  of  a  patent;  Mr.  Woolf  in  'his  fpecifica- 
tioci  ftates,  that  in  defcribing  his  invention  he  has  found  it  ne- 
ceXary  to  mention  the  entire  fteam-engine  and  its  parts,  to 
which,  as  an  invention  well  known,  he  neither  can  nor  does 
aflert  any  exclufive  claim  :  he  obferves,  however,  that  from  the- 
nature  M  his  aforefaid  difcovery^  and  its  application,  there  can 
be  ho  dtf&cuhy  in  didinguifting  his  faid  improvements  from 
the  improved  engine  (of  Mr.  Watt)  as  to  its  other  common  and 
well-known  parts,  and  then  gives  the  foHowing  account  of  an 
engine  embracing  his  new  improvements. 

•*  If  the  engine  be  conftnifted  origin  Jly  with  the  intenttoft 
of  adopting  my  faid  improvement^  it  ought  to  havt  two  fteam- ^ 


Tcflels  of  different  dimendons^  accordiog  to  the  temperature  or 
the  exjf^nGyc  force  deteriQined.  to  be  commuaic^ed.to  dm 
fte^un  ma4c  ^^^  ^  ^^  working  the  engine  ^  for  the  fmaller  ileam- 
Ycflel  ox  cvllnder  muft  be  a  meafure  for  the  larger.  For  ex«^ 
gppple,,  if  (team  of  forty  pounds  the  fquare  inch  is  fixed  on^ 
then  the  fmaller  fteam-veflel  ihould  be  at  leaH  one-fortieth  part 
the  contents  of  the  larger  one ;  each  fteam-vefiel  (hould  be  fur« 
niibed  with  a  piilon,  and  the  fmaller  cylinder  (hould  have  a 
communication  both  at  its  top  and  bottom  (top  and  bottom  be« 
^ng  here  employed  merely  as  relative  terms«  for  the  cylinders' 
|naf  be  worked  in  a  horizontal  or  any  other  required  poiitioi% 
^  wcU  as  vertical),  the  (mall  cylinder,  I  fav»  ihould  have  a 
copimunication  both  at  its  top  and  bottom  witn  the  boiler  wbicli 
fupplies  the  fteam ;  which  communications,  by  means  of  cocks 
or  valves  of  any  conftru£^ion  adapted  to  the  ufe,  are  to  be  al- 
lemately  opened  and  ihut  during  the  working  of  the  engine, 
"irhe  top  of  the  fmall  cylinder  (hould  have  a  communkatioii 
with  the  bottom  of  the  larger  cylinder,  and  the  bottom  of  the 
fmaller  one  with  the  top  of  the  larger,  with  proper  moans  to 
open  and  ihut  thefe  alternately  by  cocks,  valves,  or  any  other 
well-known  contrivance.  And  both  the  top  and  bottom  of  the 
larger  cylinder  or  ileam-vefTel  ihould,  while  the  engine  is  at 
work,  communicate  alternately  with  a  conden^g  vefTel,  into 
r  which  a  jet  of  water  is  admitted  to  hailen  the  condenfation,  or 
the  condeniing  veiTel  may  be  cooled  by  any  other  means  caU 
culated  to  produce  that  tffcCt.  Things  being  thus  arranged* 
when  the  engine  is  at  work,  fteam  of  high  temperatiure  is  ad* 
mitted  from  die  boiler  to  a£t  by  its  elaftic  force  on  one  lide  of 
the  fm«ller  piiton,  while  the  fteam  which  had  laft  moved  it  has 
a  communication  with  the  larger  fteam- veflcl  or  cylinder,  where 
it  follows  the  larger  pifton  now  moving  towards  uiat  end  of  its 
cylinder  which  is  open  to  the  condenfing  veflel.  Let  both  pi- 
ftons  end  their  ftroke  at  one  time,  and  let  us  now  fuppofe 
them  both  at  the  top  of  their  refpe^ive  cylinders,  ready  to  dc^ 
fcend ;  then  the  fteam  of  forty  pounds  the  fquare  inch  entering 
above  the  fmaller  pifton  will  carry  it  downwards,  while  tbe- 
fteam  below  it,  inftead  of  being  allowed  to  cfcape  into  the  atr 
mofphere  or  applied  to  any  omer  purpofe,  will  pafs  into  the 
larger  cylinder  above  its  pifton,  which  will  take  its  downward 
ftroke  at  tbe  fame  time  that  the  pifton  of  the  fmall  cylinder  is 
dping  the  fmall  thing  ;  and  while  this  goes  on,  the  fteam  whic^ 
laft  filled  the  larger  cylinder,  in  the  upward  ftroke  of  the  engine, 
will  be  paifing  into  the  condenfer  to  be  condenfed  during  the 
downward  ftroke.  When  the  piflons  in  tlie  fmaller  and  larger 
cylinder  have  thus  been  made  to  defcend  to  the  bottom  of  their 
refpe£live  cylinders,  then  the  fteam  from  the  boiler  13  to  be 
fliut  off  from  the  top  and  admitted  to  the  bottom  of  the  fmaller 
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ejRndfT,  and  the  eommnntcition  between  the  bottom  &f  ttf^ 
fmalfer  and  the  top  of  the  larger  qr^uider  is  alfo  to  ht  cut 
©iF,  and  the  communicatioa  to  be  opened  between  the  top  of 
the  fmaller  and  the  bottom  of  the  larger  cylinder ;  the  fteam^ 
which  in  the  downward  ftroke  of  the  engine  filled  the  larger  cy^- 
Hnder»  being  now  open  to  the  condenfer,  and  the  communica* 
iron  between  the  bottom  of  the  larger  cylinder  and  the  condenfer 
frnt  off;  and  fo  on  altetnafelj,  admitting  the  fteam  to  the  dif- 
ferent fides  of  the  fmaller  pifton,  while  the  fteam  laft  admitted 
Into  the  fmaller  cylinder  paffes  alternately  to  the  dificrent  fides 
of  the  larger  pifton  in  the  larger  cylinder,  the  top  and  bottom 
ef  which  are  made  to  communicate  alternately  with  the  coft* 
fenftr. 

*  ♦*  In  an  engine  working  with  the  improvements  which  have 
been  juif  defcribed,  while  the  fteam  is  admitted  to  one  fide  of 
Ac:  pifton  in  the  fmaller  cylinder,  the  fteam  on  the'  other  fide 
las  room  made  for  its  admiflion  into  the  larger  cylinder,  on  one 
fide  of  its  pifton,  by  the  condenfation  taking  place  on  the  other 
Bder  of  the  large  pifton  which  is  open  to  me  condenfet ;  and 
thatwafte  of  fteam  which  takes  place  in  engines  worked  onTj 
by  the  expanfive  force  of  fteam,  from  fteam  paifing  the  pifton^ 
is  pterented  ;  for  all  fteam  that  pafiTes  the  pifton  in  the'Unaller 
cylinder  is  received  into  the  larger. 

**  In  fuch  an  engine,  where  it  may  be  more  convenient  for 
dny  particular  purpofe,  the  arrangement  may  be  altered,  and 
the  top  of  the  fmaller  made  to  communicate  with  the  top  of  the 
'larger,  and  the  bottom  of  the  fmaller  with  the  bottom  of  the 
larger  cylinder ;  in  which  cafe  the  only  difference  vnll  be,  that 
when  the  pifton  m  the  fmaller  cylinder  defcends,  that  in  th.e 
larger  will  afcend ;  and  while  the  other  defcends,  the  former  will 
^Tcend ;  which  for  rome  particular  purpofes  may  be  more  conve- 
nient than  the  arrangement  before  defcribed.**  *" 
'  Mr.  Woolf,  in  his  fpecification,  defcribcs  various  other  mo- 
difications of  his  invention  5  and  points  out  means  for  applying 
kis  improvements,  before  ftated,  to  the  working  of  fteam- 
'  engines  already  conftrufted,  and  in  ufc ;  that  is,  to  the  working 
'  of  engines  with  one  fteam-veflcl  only,  without  taking  advantage 
of"  the  expanfive  force  of  the  fteam  on  a  pifton  in  another  cy- 
linder, buffice  it  to  fay,  that  proper  means  being  employed  to 
keep  the  fteam-vcflfel  or  working  cylinder  at  the  required  tem-  . 
|feratutie,the  fteam  is  admitted  into  it  in  quantities  proportioned 
to  its  erpatifive  power :  for  example,  if  the  fteam  be  of  a  force 
equal  to  forty  pburrds  the  fquare  inch,  the  throatlc- valve  is  fo  ad- 
julted  as  to  admit  into  the  working  cylinder  a  quantity  of  fteain 
equal  to  only  one-fortieth  pfttt  of  its  capacity,  which  fteam  ex- 
pands as  it  enters',  fo  as  *to  fill  completely  the  whole  cylinder. 

•  •  In^'Ais  firft  hmprdvcmtnt  of  ^  Mr.  Wobl^  though  the  fiving 
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jAf.fuel  mifRt  be.  carn«d  to  a  con(HeTaWe.Iengft»  jnrf^  with  an 
•    engine  crefted:  by'Meflra.  Murray  and   Cay  of  Leeds,    has 
mduallybeen  prpred  ta  be  more  than  one-naif  of  the  whofe 
ijuantiiy  employed  m  a  well-conftrufled  double  engine  of  the 
feme  power,  it  was  ftiH  neceffarily  limited  by  the  ftrength  of 
materials ;  for  in  the  employment  of  high  (team,  there  nluft 
always  be  fowe  danger  of  an  cxplofion,    Mr,  Woolf,  however, 
by  a  happy  thought,  has  completely  obviated  every  danger  oC 
flris  kind,  and  can  now  talte  the  firil  advantage  of  the  expanfive 
prindplc  without  the  Icaft  dang«r  whatever.     This  he  effe£ls 
by  throwing  into  common  ftcam  the  additional  temperature 
neceflary  for  it5  high,  expanfion,  after  the  fteam  Is  admitted  into 
tfie  working  cyKnder,  which  is  heated  by  means  adequate  to  the 
end  intended  to  be  obtained ;  and  the  advantage  which  he  thus 
,^ns,  he  cffeftually  fecurcs  by  a  moft  ingenious  improvement  in 
the  ptftott.     It  may  be  •afily  conceived  that  fteam  of  fuch  high 
rarity  as  Mr.  Woolf  employs,  could  not  be  made  fully  effe£Hvc 
with  the  pifton  in  common  ufe ;  for  in  proportion  to  its  rarity,  fii 
fnuft  be  the  facility  with  which  a  portion  of  it  would  efcape, 
and  pafs  by  the  Gde  of  the  pifton  to  the  vacuous  part  of  the 
cylinder:  but  Mr.  Woolfs  contrivance,  which  conlifts  in  em- 
ploying upon  the  pifton  a  column  of  mercury  or  other  metafs 
in  a  ftate  of  fufion  of  an  altitude  equal  to  the  preflure  of  the 
fteam^  fcems  perfeftly  adapted  to  prevent  the  lofs  of  even  the 
Imalleft  portion  of  the  fteam. 

B'efides  thefe  improvements  on  the  common  fteam-engine, 
he  has  alfo  found  means  to  apply  file  fame  principles  to  the  old 
engine,  known  by  the  name  of  Savary's,  in  fuch  a  way  as  to 
fender  the  fame  a  powerful  and  economical  engine  for  a  great 
Variety  of  purpofes. 

Such  is  the  outline  of  Mr.  WoolPs  new  improvements  on 
ifhis  moft  ufeful  engine :  but,  for  the  general  mfofmation  of 
|)radical  engineers,  we  (hall  here  fubjoin  a  more  technical 
defcription  in  Mr.  Woolf's  own  words,  cxtradted  from  his 
fpeciftcation  of  his  fecond  patent. 

"  I  have  found  out  and  invented  a  contrivance,  by  which 
ihe  temperature  of  the  ftcam-veflel  or  working-cylinder  dT  a 
fteam-engine,  or  of  the  fteam-veflcls  or  cylinders  where  more 
than  one  are  ufed,  may  be  raifed  to  any  required  temperature^ 
Without  admitting  fteam  from  the  boiler  into  any  furrounding 
teceptacle,  whether  known  by  the  name  of  a  fteam-cafe,  or  by 
'*any  other  denomination.  That  is  to  fay,  inftead  of  admitting 
fleam  of  a  high  temperature  into  fuch  receptacle  or  fteam-cafe, 
which  is  always  attended  with  a  ri0c  of  explofion  proportioned 
tb  the  elafticity  of  the  fteam  employed,  I  put  into  the  faid  fur- 
fouhding,  receptacle,  or  cafe,  oil  or  the  fat  of  animals,  or  wax 
br  bt&er  fubftances  capable  of  being  melted  by  a  tower  tempera- 
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fsft  dwi*ilic  kwt  intended  to  be  employed,  sod  of  besviog  4lui| 
tieat  withoQt  being  converted  into  yapoer :  or  I  put  into  tke  faid 
cafe  or  cades  mercury  or  mixtures  of  metals,  as  of  tin,  bifmuth, 
and  lead,  capable  of  being  kept  in  a  ftate  of  fuCon  in  a  lower 
ten^ierature  than  that  intended  to  be  employed  in  working  the 
fteam-engine :  and  I  fo  form  the  furrounding  cafe  or  cafes  as  to 
Kujce  it  or  them  admit  the  aforefaid  oil,  or  other  fubftance  em* 
ttloyed,  to  come  into  contad  not  only  with  the  fides  of  the 
|beam*veflel  or  veflels,  or  working  cylinder  or  cylinders,  but 
alfo  with  the  bottom  and  top  of  the  fame,  fo  that  the  \rfiole 
JBciay  be  as  much  as  poiTible  maintained  at  one  uniform  tempe* 
yature;  and  this  temperature  I  keep  up  by  a  fire  immediately 
nndcr  or  round  the  cafe  or  cafes  mat  contain  the  aforefaid  oil 
«r  other  fubftance,  or  by  connecting  the  faid  cafe  or  cafes  witk 
a  leparate  veflel  or  Teflels,  kept  at  a  proper  temperature,  filled 
with  the  oil  or  other  fubftance  made  u(e  of  as  aforefaid.  In 
fbme  circumftances,  or  whenever  the  fame  may  be  convenient 
or  defirable,  I  employ  the  fluid*metals,  or  mixtures  of  metals^ 
in  the  part  of  the  c^fe  or  veftel  expofed  to  the  greateft  aAioa 
of  the  fire,  and  in  the  parts  lefs  expofed  to  the  a£iion  of  the 
fire  I  put  oil,  or  other  fubftances  capable  of  bearing  dierequifite 
heat  without  being  converted  into  vapour. 

^^  By  this  arrangement,  and  metnod  of  applyii^  the  fur- 
n)unding  heat,  I  not  only  obviate  the  necemty  of  employing 
fteam  of  a  great  ezpanfive  fo^ce  round  the  fteam  veflel  or 
veflels,  or  the  woriiing  cylinder  or  cylinders,  as  already  men- 
tioned, to  maintain  them  at  the  temperature  required^  but  f 
am  enabled  to  obtain  from  fteam  of  a  comparatively  low  tem- 
perature, or  even  from  'water  itfelf,  admitted  into  the  fteam 
veflel  or  veflels,  all  the  effeAs  that  can  be  obtained  from  ftean» 
of  a  hieh  temperature,  v?ithout  any  of  the  ri(k  with  which  the 
produ^ion  of  the  latter  is  accompanied,  not  only  to  the  boiler 
and  other  parts  of  the  machinery,  but  even  to  tlie  lives  of  the 
workmen  ;  for  fuch  low  fteam,  or  even  water  (but  in  every  cafe 
Seam  is  preferable),  being  admitted  into  a  fteam  veflel  or  vef* 
felSy  or  ^working  cylinder  or  cylinders,  kept  at  the  requifite 
liigher  temperature  by  the  forementioned  means,  will  there  be 
expanded  in  any  ratio  required,  and  produce  an  tScSt  in  the 
working  of  the  engine,  wnich  cannot  otherwife  be  obtained  but 
at  a  greater  expence  of  fuel,  or  with  the  ri(k  of  an  explofion.  By 
this  means  I  can  make  ufe  of  fteam  expanded  in  axiy  required 
ratio,  or  of  any  given  temperature,  without  the  necemty  of  ever 
having  the  fteam  of  any  greater  elafticity  than  equal  to  thepref- 
'fure  of  the  common  atmofphere. 

•«  Another  improvement  which  I  make  ufe  of  in  fteiro-en* 

Sines  eoniifts  in  a  method  of  preventing,  as  much  as  poflibie, 
^e  paflage  of  any  of  the  ftcMivfrom  that  fide  of  tb;  pillo» 


wjpyifii  ^nApd^iqiwby.lhe  ikidftdaM  to  Ao-^An^SidMAU  - 
0iim:to.4he  €o^dlti!£ttt'i  nA  chui  I  tSbft  in  tkofe  (leaiii^ciigmer 
kfu^i^.byth«naaift.  of  d<NiUerengMi»k  bf  employing  upon  an 
zb^  the  pifUa  mercury  or  iui4  metal  or  nletaU  in  m  sUttftade  - 
^<^/$sd  to  th^  preflurc  of  the  fteam*  The  eficacj  of  this-arfuigb*. 
mmnt.  will  appear  okviotts»  from  attending  to  what  miift  t«r  • 
plaoein  warhmM  tuch  a  fiifton.    When  the  pifton  is  afcendi]^  * 
thatrk,-  when  the  fteam  is  admitted  below  the  ptihm^  the  fpaoe 
oniis  other-  fide  being  open  to  the  condenfer,  the  fteam'Oidea* 
votttyng  tonafsopby  tbeiiideof  theptftonismeCandefleAliiUf   ' 
prempted  oy  the  column  of  motal  et^l  or  fiiperior-  te.  it 'iau   . 
preifure,  mod  during  the  down-ftroke  no  fteam  ciir  poffiUf 
pafg  without  fkr&  foiciog  all  Ae  metal  through,    in  working' «- 
whstis  called  a  fingfe  eng^e>  aglets  confiderabir  alttcude  of   - 
metal  ia  requked,  beeauif  the  Aeam  always  wEtB  on  tfae-oppcfr)'  • 
fide^pf  the  pi  ton*    For  fingl&»e«»ncs^  oil  or.  waX|  <nr  ntooF*    ^ 
aniiiafei  or  iimiiar  fabftances>  in  foficknt  qumtiiyy  iwitt  ao». 
Orerthe  pur|>ofi^  if  ano^er  improvement,  wJiich  tooAkuCe^ 
parf  of  my  Imd  imrentioaf  be  applied  to  the  eogioe^  namely^  tc^ 
take  cave  that  in  -  ekher  the  double  or  iingle  engine  .fo  td  be 
workedy  die  outlet  that  conveys  the  fteam  to  t»e*  condo^er 
fliall  be  fo  poiited,  and  of  fiich  a  /ize,  diat  the  fteam  may  pafs 
without  forciiig  before  it  or  carrying  with  it  any  of  the  metal  br 
other  fubftance  employed  tbact  may  have  pafled  by  the  pifton ;; 
taking  care  at  the  fame  time  to  provide  another  exit  for  the 
metal  or  other  fubftance  €olle£led  at  the  bottom  of  the  fteam* 
▼eflel  or  working-cylinder  to  conVey  -the  fame  into  a  vejarvoir 
kept  at  a  proper  neat^  whence  it  is  to  be  conveyed  to  >lhfr  upper 
fide  of  the  pifton  by  a  fn^all  pump  worked  by  the  enginror  by 
any  .other  comrivance.    In  order  that  the  Auid  metal-  or  metals 
ufed  with  the  pifton  may  not  be  oxidated,.}  always  keep  fome 
oil  Of  other  fluid  fubftance  on  its  furfeor  to  prevent  its  ooming 
in  CQpta£l  with  the  atmofphere  i  and  to  prevent  the  neceffity  of 
employing  a  large  ^uan^ity  of  fluid  metal,  I  generally  make  my 
pifton  of  the  depth  of  the  column  required,  but  of  a^diameter  a 
little  lefs  than  the  fteam-iveflel  or  working-cylinder,  excepttK 
wheie  the  packing  or  other  fitting  is  nece&ry  to  be-appUed  $  io 
diat,,  in  fa^,  the  column  of  fli^d  metal  forms  only  a  tnih  b^dy       i 
round  the  piilon.    In  fome  cafes  I  make  a  hollow  mstalhc 
pifton,  and  apply  an  altitude  of  fluid  metal  m  the  infide  of  the 
fame  to  ppeis  its  outfide  into  conta^  with  the  fteam«veflUL  or 
working-cylindeir. 

*<  It  may  be  necefiary,  however,  to  ftate,  that  in  applying  Wf 
improved  method  of  keeping  the  fteam-^veflTels  of  fteaaa^enginea  - 
at  any  required  temperature  to  die  engine  known  by  the  name 
d  Savary's  in -any  of.  its  improved  fbr^is*  in,  .which  n  " 
fouiu  «^ 
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condetifer  has  Been  intit>dttced>  I  fometimes  employ  xxH,  or 

any  oxhet  fubftance  lighter  than  water,  and  capable  of  beiog 

kept  fluid  in  the  temperature  employed,  without  being  cotl« 

verted  into  vapour,  in  the  upper  part  of  the  tube  or  pipe  at-^ 

taehed  to  the  fteam-veiTel ;  by  which  means  fteam  of  any  tem* 

perature  may  be  ufed  without  being  expofed  to  the  rifle  of  par* 

tial  condenfation  by  the  admiffion  of  any  colder  body  into  the 

fteam-veflfel ;  for  the  oil,  or  other  fubftance  employed  for  this 

purpofe,  foon  acquires  the  requifice  temperature ;  and  to  pre* 

vent  unneceflTary  efcape  of  heat,  I  conftruA  of>  or  line  with, 

an  imperfeft  condu£ior  of  heat,  that  part  of  the  tube  or  pipe 

attached  to  Ae  fteam-vef&l  which  may  not  be  heated  exteriorly. 

And  fufthor  (as  is  abeady  the  pra£^ice  in  fome  engines^  and 

therefore  not  exclufively  claimed  by  me),  I  caufe  the  water 

raifed  by  the  engine  to  pafs'  oflF  through  another  afcending  tube 

than  the  one  attached-  to  the  fteam»vefl«r,  but  conne£ied  with* 

it  at  fome  part  lower  than  the  oil  or  other  fubftance  employed 

in  it  is  ever  fuffered  to  deicend  to  the  working  of  the  engine. ' 

The  improvtment  which  I  have  juA  mentioned^  of  introducing 

"oil  into  the  pipe  attached  to  the  fteam-vefltl  ol  (iich  engines, 

may  alfo  be  introduced  without  applying  heat  externally  to  the- 

fteafn'-veflel;'but  in  this  cafe,  part  of  tne  tSeSt  which  would 

otherwife  be  gained  is  loft." 

From  the  k>re?oing  details,  there  feems  ta  be  a  reafonable 
ground  to  hope  mat  a  great  defideratum,  a  real  fwuing  of  fuely 
will  be  efiefted  by  Mr.  Woolf 's  improvements,  founded  on  his 
difcovery  of  the  ratio  in  which  fteam  of  anv  high  temperature 
can  expand,  itfelf.  It  ia  certainly  a  new  and  curious  fa£t,  that 
fteam  may,  by  mer^  additions  of  temperature,  be  increafed  ia 
volume  in  the  way  he  ftates,  and  ftiil  be  equal  in  force  to  the 
common  atmofphere.  The  advantage  which  he  gains,  or.  In 
other  words,  the  faving  which  he  e&fts  in  the  quantity  of 
fuel,  depends  entirely  on  the  correftnefs  of  this  faft  j  for,  ac- 
cording to  the  ideas  nitherto  entertained,  fteam  of  the  ftrength 
ef  about  thirty  pounds  the  inch,  above  the  common  atmofphere, 
ought  only  to  efie£l  the  work  of  two  atmofpheres  more  than 
fteam*  of  212**  v  but  according^  to  Mr-  Woolf,  by  proper  ma- 
mgement,  it  may  be  made  to  produce  the  work  of  thirty  aft« 
xnofpheres ! 

By  what  weiiave  juft  ftated,  we  would  not  be  underftood  ta 
call  in  queftion  the  accuracy  of  Mr.  Woolfs  experiments ;  for 
he  has  had  fo  much  practical  experience  in  hi^  cs^acity  of  en^* 
gineer  to.  one  of  tlie  largeft  concerns  in  London  (McflTrs. 
Meux's  brewhou«e),  that  it  would  be  difficult  to  believe  he 
covdd.betniftaken  on  a  point  of  lb  much  importance.  His  in«* 
venikm  will  foon  be  put  to  tibeyteft  of  experienqe  \  a  large 
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^iht  Wmg  now  ereding  under  his  diredion  at  MeflVs.  Meux*?, 
DeHdes  others  in  different  manufafiories.  ShQuId  they  anfwer 
the  expeAations  that  have  been  formed  of  them,  Mr.  Woolfs* 
difccvery  will  foriti  a  new  and  (ingular  epoch  in  the  hiftory  of 
an  engine^  which  had  previoufly  been  brought  to  a  ftate  of  luch 
high  pe)fe£tion  as  almoft  to  exclude  the  hope  of  any  further- 
improvement. 

Mr.  Woolf  has  alfo  irtvented  fome  boilers  for  fteam-engines^.* 
different  from  the  ufual  conftruftion ;  in  whtch,  bcfidfis  employ-. 
in|  fafety-Valves,  he  has  introduced  a  valve  of  a  new  conftruc- 
tion  to  reeulate  the  quantity  and  power  of  the.  fleam  pafTing 
from  the  boiler.     In  thefe  the  fleam-box  is  joined  to  the  neck' 
Or  outlet  for  the  fleam  by  flanges.    The  top  or  cover  of  the 
fteam-boX)  which  is  well  fecured  in  its  place,  has  a  hole  thvough 
it  for  the  rod  of  the  valve,  fo  contrived  as  to  anfwer  die  pur* 
pofe  of  a  flufiing-box  to  make  the  rod  work  up  and  down  fleam« 
tight,  the  fluffing  being  kept  in  its  place  by  the  ufual  means,  well) 
known  to  engineers.    By  means  of  a  pin  or  nail,  and  two  ver- 
ticil pieees,  the  piflon-rod  is  made  fafl  to  a  cover  joined  to  the 
hoUow  cylinder.    The  cover  fits  fleam-tight  into  a  cpUar,  which 
is  made  fafl  on  the  flange  before  mentioned.    The  cylinder  is 
open  at  the  bottom,  having  a  free  communication  with  the  main 
cylinder,  and  has  three  vertical  fTits.    The  fum  of  the  furface 
df  aU  thefe  flits  or  openings  is  equal  to  the  area  of  the  opening 
df  the  collar  in  which  the  .cylinder  works.     When  tlie  fteam 
acquires  a  fufficient  degree  of  elaflic  force  to  raife  (he  valve 
(that  is,  the  hoUow  cylinder  with  its  cover  and  rod),  and  what- 
ever weight  it  may  be  loaded  with,  then  the  openings^  getting* 
abo^  the  fleam- tight  collar,  allow  the  fleam  topafs  into  the 
fleam-box.    The  quantity  of  fteam  that  pafies  is  proportioned 
to  the  elaflic  force  it  has  acquired,  and  the  weight  with  whicb 
the  valve  is  loaded ;  and  the  rife  of  the  openings  above  the  col- 
lar will  be  in  the  fame  proportion,     lliis  valve  may  be  loaded 
in  any  of  the  ufual  methods ;  but  Mr.  Woolf  pre/ers  one  in 
which  the  upper  part  of  the  rod  is  joined, by  means  of  a  chain 
to  a  quadrant  of  9,  circle  with  an  arm  projecting  from  it,  which* 
carries  a  weight  that  may  be  moved  near  to  or  further  from  the 
centre  of  the  quadrant,  according  as  the  prefTure  of  the  valve  is 
'Wifhed  to  be  increafed  or  diminifbed.     As  the  valve  rifea,  the 
weight  moves  upward,  giving  an  increafed  refi  (lance  to  the  fur- 
ther rifing  of  the  valve,  proportioned  to  the  greater  horizontal 
diflance  ^om  the  centre  of  the  quadrant,  which  the  weight  at- 
tains by  its  rife  in  the  faid  arch,  that  diftance  being  meafured 
in.  the  nori^ontal  line  by  a  perpendicular  from,  the  (aid  line  pafs» 
iug  througn  the  centre  of  the  weight*    Thus  the  rod  joining 
the  quadrant  and^the  great  wc^ht,  may  be  made  to  fetvc  at. the 
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fame  time  as  ati.  index  to  the  perfoti  who  attends  the  fife^  nor- 
thing more  being  neceflary  for  this  purpofe  thati  to  graduate 
the  arch  defcribed  by  the  end  of  die  fod.  In  the  fide  of  the 
fteam-box  there  is  an  opening  to  allow  the  fteam  to  pafii  from  . 
it  by  a  pipe  or  tube  to  the  fteam-enginey  or  to  any  fecmidary 
boilert  or  for  die  purpofe  of  conveying  and  ap^yingittoany. 
otiier  TciTel  or  ufe  to  which  fteam  is  applicable.  A  figitfv  of 
this  fteam«valve  may  be  feen  in  Tilloch's  PhUofofdikal  Maga- 
zine, No.  66. 

As  to  Mr.  W/s  propofed  improrements  in  boileral^  they  cdh-. 
fift>  iirft^  of  two  or  more  cylindrical  veflels  properly  conneAcd^ 
togedier,  and  fo  difpofed  as  to  conftitute  a  ftrong  and  fit  recep- 
taek'for  water^  or  any  other  fluid  intended  to  be  oonverted  inta- 
iteami  ^b^dker  at  di9  nfual  heats  or  at  temperatures  and  uoder 
preflurck  ucOmmonly-  high  *,  and  alfo  to  prefent  an  ext«n&ye 
portion  of  convex  furface  to  the  current  of  flamei  or  healed  air 
dr  Vapour  from  a  fire :  fecondly,  of  other  cylindrical  receptacles 
placed  above  thefe  cylinders,  and  properly  connejied  wtdi  db«nf 
for  the  purpofe  of  containing  water  and  fleam,  and  for  the  te- 
(seption,  tranfmiffiont  and  ufeful  application  of  the  fleam  ge« 
nerated  from  the  heated  water  or  other  fluid:  and>  thir^> 
of  a  furnace  fo  adapted  to  the  cylindrical  parts  jnfl  mentioaed» 
as  to  caufe  die  greater  part  of  At  furface  of  all  and  each  of 
diem,  or  as  much  of  the  faid  furface  as  may  be  convement  or 
defirable,  to  receive  the  dired  a&bn  of  the  firci  or  heated  air 
aiWI'vapotir* 

The  principal  of  thefe  improvements)  if  they  be  re^y  ftich, 
occurred  to  Mr.  Blakey  long  ago,  as  was  obferved  by  Mr*  Horn- 
blower.  Blakey*s  boiler  an^  fornace  are  reprefented  in  %.  9. 
pi.  XXIIL  Mr.  Woolf  s  may  be  feen  sn  No.  65  of  dK  Phi- 
lofophical  Magazine. 


Prom  the  whole  of  the  preceding  accounts  die  reader  will» 
we  hope,  be  able  to  obtain  more  correA  and  uieful  informa* 
cion  relative  to -the  nature  and  manner  of  operation  of  die  prin- 
cipal fteam*enginesdian  can  be  obtained  from  any  Titetue  of 
Mechanics  yet  publifhed  in  this  country.  *  Yet»  as  the  (bbjeft 
15  of  great  indTportbnce,  and  f umiflie»  vari^y  fufficient  to  nB  a 
volttfri^  of  itfelf,  we  beg  to  refer  diofe  who  \rilh  to  learn  die 
crniftmdion  bf  ofh^  kihds  of  thefe  ufefel  machines,  to  die 
volumes  of  NieMfon'j  Jommali  TUheVs  MagavkHf  the 
j'tf-'jtrts  and  ManufaStwrn^-vDA  ^e  jtrMuSHm^Hy^ 

•  We  AaU  cofliclade  with  a  iSkA  fdjpe6ti*g  die  ccotumical 
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filpplycf  fleam«engificf.    In  many  roanufadoriea  and  .public 
works  the  fteam  may  be  generated  by  the  waste  heat  arifin^ 
fmn  fome  eflential  branch  of  the  concern ;  and  thus  great  p^rt 
of  the  daily  ezpence  of  the  machine  may  be  faved,  Mr.  Blakey, 
who  paid  confiderabie  attention  to  this  point,  faya,  in  hi^  MU** 
ceUatt«oii$  Works*  **  The  moft  complete  engine  I  made  was  ii|   . 
xyt3  at  Namttr,  for  a  rolling  mill;  it  raifed  7500  pounds  of 
water  every  condenfation,  which  fell  on 'wheels  of  15  and  itf 
fietft  diameter  I  the  nva/if  heat  fir  beating  the  metal  nvas  fujBicient^ 
U  make  morefitMn  than  was  wanted  to  work  the  fngine.^    Again^ 
^  I -have  brought  mr  engines  to  work  fugar«mills  with  no  other 
Mwetthan  ^t  of  aie  wage  beat  coming  from  the  fire  for  boilr 
n»g  fitgar  (  by  which  means  all  tbe  charge  cf  cattle  and  ^woMt'^ 
mills  fir  fugar  works  wUl  be  faved^    And,  once  more,,  there  \% 
^  a  capital  amendment  made  by  General  Conway^  and  whicli 
defrays  tbe  wbde  expence  offiuU    This  is  done  by  means  of  the 
flame  or  heat  that  comes  from  coaking  ovens,  which  hea| 
ercaftea  all  Ae  fteam  neceflary  to  work  thjc  engine.    By  tbefi 
meant  all  irenfiundries  beateft  v^ith  coke  can  work  their  engines 
^^^jf  ^H  f9Cpence  effire. " 

SIaEI^YARD,  an  inftrument  ufed  for  weighing  of  goodsji 
Stc. ;  the  theory  of  which  was  condfely  dated  in  art.  138  of  our 
firil'V<riume9and  fucceeded  by  a  few  remarks  on  its  conve* 
niences  and  inconvenienoes*    In  addition  to  what  was  there 
obferved  we  may  now  flate,  that  fteel-yards,  in  the  oommoa 
purpofes  of  commerce,  have  two  advantages  over  balaiices. 
I*  That  their  axis  of  fufpenfion  is  not  loaded  with  any  odier 
weight  than  that  of  U^e  merchandife,  the  conftant  weight  of 
the  apparatus  itfelf  excepted;  while  tbe  axis  of  the  balancf^ 
befides  the  weight  of  the  inftrument,  fuftajns  a  weight  double 
to  that  of  the  merchandife.     a.  The  ufe  of  the  balance  requires 
a  oonfiderable  aflbrtment  of  weights,  which  cau&s  a  propor** 
tional  increafe  in  the  price  of  the  apparatus,  independently  of 
the  chances  of  error  which  it  multiplies,  and  of  the  time  em- 
ployed in  producing  an  equilibrium,    Thefe  motives  induced 
.C.  Paul,  infpe&or  of  weignts  at  Geneva,  jto  employ  hjis  thought^ 
on  the  means  of  fo  far  improving  fteel-yards,  that,  either  in 
delicate  operations  of  the  arts,  or  in  thole  of  the  lame  kin$l 
which  are  often  fo  neceflary  in  the  pra£tice  of  tbe  phyiicaj 
fciences,  thefe  inftrum^ts  mkht  be  fubftituted  with  aovan^ge 
for  common  balancesw    In  order  th^t  vtre  may  better  explain  m 
what  the  improvements  of  thefe  fteel^yards  confift^  it  wi]l  b^ 
proper  to  point  oiit  what  were  die  faults  of  the  common  ones, 

I.  There  were  none  of  diem,  in  which  the  points  of  (pf* 
pe«fiw  were  eiuftly  in  ^  prolongation  of  the  line  of  the 
4iY^6ou8  of  th^beam(  a  circumftance  which  necelTarily  chanrai 
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the  relation. between  the  asms  of  tfa»  leveri  the  po^fer^anH  dit 
refifcance,  according  as  the  dire&ion  of  the  l>^aL  was  changed 
from  a  horizontal  poGtion.  We  have  feen  fteel-yards^  in  !«i4ttck 
a  degree  only  of  difference  in  the  inclination  of  the  beam  jro^ 
duccd  the  ditference  of  more  than  a  pound  in  the  refqlt*     . 

2.  When  the  ihell,  the  beamy  and  weight,  are  made  at 
hazard,  a  perfon  who  poffeffes  a  fteel-ysird  cannot  know  wiien 
the  inftrument  is  deranged  ^  and  even  an  artift  cannot  iiepair  it| 
but  by  repeated  trials,  and  with  a  great  iofs  of  time.  >  *  * 
.  3*  The  conilrudiion  of  the  common  ileel-yards,  which  kavt 
a  fmall  and  a  large  fide,  renders  it  necefiary  to  invert  them 
frequently ;  a  laborious  operation  when  thefe  inftniments  are 
heavy,  and  which  e^pofes  the  axes  to  the  danger  of  damage  by 
the  efFeft  of  the  ihocks  which  that  turning  occafions. 

As  thefe  double  fides  renders  it  necefiary  to  have  a  beam 
yeiy  (Iraight,  in  order  that  it  may  be  lefs  faulty,  it  readily  bendl^ 
which  is  a  new  fource  of  error ;  and,  the  face  which  bears  ^tfa^ 
hunibers  being  narrow  in  proportion,  it  is  difficult  to  iotm  on  it 
plumbers  fufiicientiy  vifiblet  Thefe  inconveniences  aro  alt 
ayotded  by  the  conftriifkion  of  C.  Paul,  which  prefents,  befidei^ 
feyeral  other  advantages  not  pofieiTed  by  the  old  fteel-yard$. 

1.  The  centres  of  the  movement  of  fufpenfion,  or  the,  two 
conilant  centres,  are  placed  on  the  ex^€t  line  of  the  divifions  of 
^he  beam ;  an  elevation  almoft  imperceptible  in  the  axis  of  th^ 
ibeam,  deilined  to  compcnfate  for  the  v^ry  flight  fiei^iofn  of  th« 
bai:,  alone  excepted* 

2.  The  apparatus,  by  the  con{tru£lion  of  the  beam,  £i 
•balanced  below  its  qentre  of  motion  ;  fo  that  when  no  weight 
is  fufperide^,  the  beam  naturally  remains  horizontal,  and  re- 
fumes  that  portion  when  removed  fropi  it,  as  alfo  when  the 
ft  eel-yard  is  loaded  and  the  weight  is  at  the  divifion,  whii^ 
ought  to  fhew  how  much  the  merchandife  weighs.  Th^ 
horizontal  fituation  in  this  fteeUyard,  as  well  as  in  the  othera, 
is  known  by  means  of  (he  tongue,  which  rifes  vertipaliy  above 
the  axis  of  lafpenfion. 

3.  It  may  be  difcovered  that  the  fteeUyard  is  deranged,  if, 
when  npt  loaded,  the  hcam  does  not  remain  horizontal*  ^ 

4*  The  advantage  of  a  great  and  a  fmall  fide  (which  in  the 
others  augments  the  extent  pf  their  power  of  weighing)  a^ 
fupplied  by  a.  very  fimple  p^ocefs,  which  accompliflies  the  fame 
end  with  fome  additional  advantages.  This  procefs  is  to  em- 
ploy, on  the  fame  divifion,  diQerent  weights.  The  numbers  of 
the  divinon3  pn  the  bar>  point. out.  the  d|^gree  of  heavinefe 
expreflod.by  the  corre^oxiding  weights.  For  example,  when 
the  large  weight  of  the  large  fteel-yard  weighs  eighteen  pound), 
Ca^h  divifiojo  it  pafies  ov^r  on  the  par  i\  ecj^uiyaleni  tp  a  poon^i 
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Htbe  ^laU'wiaght,'  weighing  eighteen  timeB  lefsthim  the  largt 
mei  will  vepnfent»  on  each  of  diefe  divifions,  the  .eighteenth 
^rt  of  a  pound  or  ounce ;  and  the  oppofice  £ace  of  the  bar  k 
marked  by  pounds  at  each  eighteenth  divifion.  In  this  con-> 
i^ru£Honi  therefore^  we  have  the  advantage  of  being  able,  by 
employing,  both  weights  at  once,  to  afcertain,  fior  example^ 
•aimoft  within  an  ounce,  the  weight  4>f  $00  pounds  of  mer*- 
.chandi£B.  It  wittibe  fufficient  te  add  what  is  indicated  by  the 
SsaaM  weight  in  ounces,  te  that  of  the  krge  one  in  pounds,  after 
an  equilibriuBa  has  been  obtained  by  the  pofition  of  the  two 
weights,  viz.  the  large  one  placed  at  the  next  pound  below  its 
«eal  weight,  and  tfaeimaU  osetit  the  divifion  wUch  determines 
^e  number  of  ounces  to  be  added. 

5.  As  the  beam  is  graduated  only  on  one  fide,  it  may  have 
the  form  of  a  thin  bar,  which  renders  it  much  kfs  lufceptible 
iOf  being  bent  by  the  adion  of  the  w^;bt,  and  affords  room  fot 
making  the  figures  more  vifiUe  on  botk^the  faces. 

6.  In.thefe  fted^yards  the  difpofition  of  the  axes  is  not  opljr 
fach  'that  the  beam  Ycpcefents  a  mathematical  lever  without 
weight^;  but  in  the  principle  of  4ts  cfivifion,  the  interval  betweten 
every  two  divifions  is  a  determined  and  alic^uot  part  of  the 
^iftance  between  the  two  fixed  mints  of  f«lfpenfion  %  and  each 
of  the  two  weights  employed  has  for  its  ahfohtte  weight  the 
«unity  of  the  weight  it  repreients,  multiplied  by  th^^umber  o£ 
the  divifions  contained  in  the  interval  between-  the  two'conflant 
centres  of  motion.  Thus,  fuppofing  the  arms  of  the  fteel*yard 
divided  in  fuch  a  manner  that  ten  divtfiong  are  exa&ly  contained 
in  the  diftance  between  the  two  conftant  centres  of  motion,  a 
jweight  .to  exprefs  die  pounds  on  each  divifion  of  the  beam  muft: 
really  weigh  ten  pounds ;  that  to  point  out  the  ounces  on  the 
iame  divifiona,  muft  weigh.ten  otmces,  &c.  So  that  the  fiune 
fteel-yard  may  be  adapted  to  any  fvftem  of  meafures  whatever, 
and  in  particular  to  the  decimal  fyftem,  by  varying  the  abfolute 
heavinefs  of  die  weights,  and  their  relation  with  each  odier* 
The  application  of  this  principle  will  be  feen  hereafter  in  the 
idefcription  of  the  fteel-yard,  to  whidi  C.  Paul;  with  great  pro* 
•priety,  has  given  the  name  of  wwuerfal  Jleel^ard. 

But  to  trace  out,  in  a  few  words,  the  advantages  of  the 
ileeUyards  conftru&ed  by  C.  Paul  for  commercial  purpofes,  we 
ihall  only  obferve,  i.  That  die  buyer  and  feUer  are  certain  of 
Aie  correAnefs  of  the  inftrument,  if  the  beam  remains  hori^ 
zonlal  when  it  is  unloaded  and  in  its  ufual  pofition.  2.  That 
.thefe  fteeUyards  have  one  fiifpenfion  left  disin  the  old  ones,  and 
are  fo  much  more  Ample.  3..That  by  diefe  means  we  obtain, 
^ith  the  greateft  facility,  by  employing  two  vireights,  the  exa£): 
nveigfayt  ofrineffihandife^  with  aU  the  approximation  that  can  fe 
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4kfii^4>  ati4  fvte  vnA  a  gi«ater  piedfim  thin  Uict  gnrih  bf 
Ijoflpmon  balance*  Tfaeve  asc  Sew  of  thefe  whfdi^  when  ioacM 
with  500  pounds  at  eack«iid»  give  decided  indioatiDBs  of  a* 
ounce  Variation;  and  the  ft^l-yards  of  C.  Paid  fofikh  tfaac 
adrantaget  9td  coft  one^half  kii»  t&aa  balances  of  equal  do* 
jninion.  4*  In  .the  kift  place  we  may  verify^  evenr  soamenty  tke 
|uftne&  of  the  weights,  by  the  tratifpoieion  wnicfa.  their  ratio 
lo  each  other  will  permit ;  for  example,  ht  obfcrving  wfaechei^ 
when  the  weight  of  one  pound  is  kft>ttgnc  backme^dtvifioii^ 
and  the  weight  of  one  ounce  cxcried  ferwanrds  eighteen  dfnfion% 
the  equilibrium  ftill  remains. 

Ifp  inftead  of  afcenfe^imag  the  weight  of  the  aeDchandife  in 
pounds,  you  wifhed  to  find,  it  accorcling  to  the  new  fyftem  in 
deciigramn1es»  he^oerammesy  and  kilogrammes,  itinU  be  faffi* 
cient  to  fidifla'tutef  for  die  ordinary  weigbts,  an  aflbrtoient  of 
ihree  weights  bearing  the  above  names.  Xhafe  thxec  weights 
are  the  decuple  one  of  the  other  ;  and  the  abfolnte  wei^t  of 
that  called  /cik^gramme,  is  t!0  the.abfekite  weight  of  that  called 
pound,  in  the  exsd  ratio  «f.  thefe  two  quantities*  It  may  b^ 
here  feeti,  that,  by  adi^ng  to  the  fteel*yard  a  fyftem  of  mree 
weights,  we  may  arriveat  dte  fecond  decimal,  or  the  eentiomes 
ti  the  unity  of  the. Weights  emphijind,  and  e:^n  without  adding 
«t  changing  any  thix^g  in  die  divifion  of  the  beam* 
.  It  is  on  this  fimplc  and  advantageous  princifde  dial  C.  Paul 
has  conftru6led  his  unirerfal  fteeUyard.  It  ierres  for  weighing 
in  the  uftxal  manneri  and  according  to  any  fyftem  of  weights,  aU 
ponderable  bodies  to  the  ptecifion  of  hatf  a  grain  in  die  weight 
of  {I  hundred  ounces;  that  is  to  fay,  of  a  ten^thonfandth  part. 
tt  «is  cmpioy^d,.  befides,  for  afcertaining  the  ipecific  gravity  of 
iblids,  of  liquids^  and^even  of  the  air  itfid^  by  procefTescz^ 
tremely  (imple,  and  which  do  not  require  many  fub««iivifions  in 
the  weights. 

The  beam  of  this  Aeel-prd  when  unloaded  refts  itt«qtttlibrio 
jn  a  horizcmtal  pofition.  The  ihears  are  fa^ended  by  a  fcrew 
to  a  crofs  horizontal  bar  of  wood  fupporled  by  two.  vertical 
nillars,  wliich.  red  on  the  two  extremities  of  a  finall  wooden 
box  fumiflWd  with  three  drawers,  and  which  fetvos  as  the 
(land  of  the  apparatus.  This  beam  is  divided  into  200  equal 
parts,  beginning  at  its  centre  of  raotiDm  The  divifion  is- 
diiicrently  marked  on  the  two  £ftces :  on'  the  anterior  face  the* 
numbers  follow  each  other  £rom  to  to  aoo,  proceeding  towanb^ 
die  extremity ;  an^  on  the  other-face,  the  oumberi  are  naAed 
in  the  oppofite  dire^ion.  We  Aali  (pon  expbin  the  ufe  of  thil 
diSarence  in  the  order  of  nttmeraiion». 

A  fmall  vestical  frame  ha^gs%fixnn  the*  evofii^iar  nearly  at  the 
further  ext^e^it^  of  the  (Icel-yaaid;  ^nd  k^i^nad  to  pc«vett(4iM! 


ofinlklira'of  die  beawi;  it  is  placed  «t  the  proper  hcij^^t  Vy 
neott  of  Ae  n«t  and  fcrew  by  whick  it  is  fufpeiuled.  Above 
ikt  benii  is  a  Cmall  ci«fi«bar  of  bsab,  fufpoided  by  its  t^ 
^xtremkiea  from  the  crofs^bar  of  wood*  Different  weights  arft 
JioobBd  to  it,  each  haring  marked  on  It  its  psnicular  value* 
Jknd^  «  the  laft  pbce^  a  fnall  mercurial  thermometer  harii^ 
the  twomoft  ufiial  diTifions,  vt2.  Fahrenheit's  aifid  Reaymur^a^ 
and  deftined  to  point  out  die  temperaturt  of  the  air  and  the 
water  dimag  die  experiments.  The  axis  0f  fufpenfion  of  the 
fteeUyofd  r&s  upon  two  beds  of  very  hanl  Well^poliihed  fteek 
The  cafe  is  the  iame,  biit  in  a  reveifed  fiiuation,  with  the  axn 
wfaicb  fappoils  the  hook,  that  fertes  for  luf^ding  dilferent 
parts  i>f  A»  appacsMs,  according  to  the  purpofe  to  which  it  ift 
to  be  applied. 

When  you  wifli  to  employ  it  as  atoiAaK>ii  fteekyard^  ytm 
fufpend  from  it  a  hrafs  ffaeUi  wtudi  is  uil  tM&  comtterbalance 
for  the  weight  of  the  beam  when  nnloadal.  Hie  hotter  theft 
aAnnes  of  ttfelf  a  horisontal  fitaatiom  You  theoi  featch  for 
die  equilibrium  of  the  fubftanoe  pm  Into  this  fl>:l1;  by  placing 
at  the  proper  place,  on  the  beam,  the  wtighl  and  its  fradions 
covrefpondtag  with  the  fyftem  of  weights  adopted  \  and  wheh 
you  Imvc  £oiMid  the  equilibrium*,  yotf  ebllrte  the  weight  in- 
dicated by  the  dhrifions  ott  which  each  of  dM  ^Mightfr  employdl 
is  found,  exaAiy  in  the  fame  manner  as  is  done  in  tegard  to 
die  common  fteeUyard. 

There  is  alfo,  as  part  of  die  apparatus,  a  glafs  (hell  f  ufpehded 
occafionally  in  a  jar  fiDed  to  a  certain  height  with  water.  This 
fliell  is  tmended  for  eaperiments  osladv^  to  the  fpecific  gravity 
of  folids.  It  is  in  equdtbrium,  if,  when  ikimetfed  iHto  water 
at  ao**  of  Reaumur^  as  far  as  the  junftion  of  the  rbree  fiiver 
wires  by  which  it  is  fuppoited,  it  exaiQfly  balances  dito  weight 
of  the  beam  unloaded. 

When  you  wifh  dien  to  trr  die  i^>ecUic  gravity  of  a  feKcl, 
you  6rft  weigh  it  in  air ;  but  oy  putting  it  bito  the  brafs  ftell, 
and  then  fubftituting  the  ^la(s  one,  you  weigh  it  ih  wtiter.  it 
is  well  known  that  the  diference  ot  theft  weiehts,  employed 
as  a  difiibp  of  die  total  wd|^t  in  air,  gives  for  quotient  the 
fpecific  giavity.  Care  muft  m  taken,  as  in  all  caperiments  of 
tne  fcindt  that  no  bubble  of  air  adheres  to  that  part  of  tfat 
i^pafatns  immerfed  in  the  water,  or  to  the  fubRance,  the 
weight  of  which  is  requifod,  and  which  is  imnietfed  alfo. 

TheM  tt  likewife  u  Mid  giafsball  deftined  fof  thfeptftrMTe  ^ 
afcar tawing  the  %ectfie  gravity  of  liquids,  to  the  fonbwinf; 
manner : — This  piece  is  fumiflied  with  a  hook  of  flne^M,  that 
it  may  be  tmoieiiSBd  widkoue  inaaovttnionce  in  acids.  When  it 
is  4«fpeadei  so  d»  Im*  o€  dte  fUel-yard^  and  ill  ¥h<?air)  it  is  ib 
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fc|«iribritim'  with  th^  beanti  loafded  at  its  extremity  (either  at  the 
divifioa  marked  O  (aothiag)  on  the  back  fideef  the  htBm)  with 
nreights  entitled  fpecifis,  and  -^vv  of  fpecific  hooked  or  at  the 
other. 

This  ballf .  inimecfed  ia  di&iiled  water  at  12"  of  Reaamur  at 
&r  as  the  end  of  the.ftaraight  metal  wire  which  fufpends  Hf  is 
jftiil  in  equilibrium  with  thefe  two  weights  placed  in  the  fioh- 
*  lowing  manner,  v\%*  the  lai|^  one.  at  the  diviAon  in  the  midiUc 
of  the  beam  marked  water  on  the  backfide  of  the'beam»  aad  the 
froall  one  at  the  diviiion  O,  that  i&  to  fay»  the .  extremitf* 
When  the  apparatu&is  thus,  prepared^  fOja  oil  a  jar  with  the 
lipoid,  the  ipeei£c  gravity  of  which  you  wiih  to  afcortain^ 
iiifpend  the  glafe  bail  to  the  hook  of  the  fteel-yard^  asKl  immerfc 
it  into  the  liquid  till  it  rifes  exa<iily  above  the  ring  ftem  which 
ithe  ballhaogs^  obferviag^  the  temperature  and  ditenga^ng 
carefully  all  the  air-bubbles  that  may  adhere  to  the  ball ;  theli 
remove  the  fgoiall. weight-  to  the  dlvifion  O  at  the  e»d  <tf  the 
b^ami  and  /cpnvQy  the  large  one  ae  far  as  thatdkifion,  paeceding 
that  where  the  weight  of  the  haU  would  raife  the  beam  1  and 
iafterwar ds  move  ^e  fmall  weight  as  far  as  the  divifioa  wheve 
,the  equilibrium  will  be  reftored^  the  beam  being  honzootaL 
.Mark  the  diviiion  At  which  the  large  weight  is  fouadt  axnl  add 
itwo  cyphers ;  to  tbi^  number  add  the  iodicatioB  immediately 
,2ie(uking  from  the  pofition  of  the  finall.  weight,  and  the  Cam  of 
thefe  two  numbers  gives  the  fpecific  gravity  of  the  liquid,  oriUB 
ratio  with  the  weight  of  diftilled  water,  to  a  ten-thou(andth  part. 
The.  larger  ballooa  is  ujfed  in.  trying  the  weight  of  any  givea 
kind  of  gas  compated.with  that  of  atmofpheric  air,  in  -the 
ibllowing  manner  >r-The  wjeight  entitled  airfare  is  acraoged  ia 
fuch  a  manner  that  when  ^ced  in  a  ootch^  at  the  further 
extremity  of  th^  beam  beyond  the  divifions,  it  forms  an  eqiiah*- 
brium  with  the  balloon  exhaufted  by  the  air-pump  andfufpended 
from  the  hook  of  the  (leel-yard.     If  the  fteeUyard  is  not  then 
iftequiiibrium,  it  is  an  indication  that  the  inibrument  ia-deraoged, 
.-or  that  the  vacuum  is  not  perfe^    The  air,  the  relative  w^^t 
of  which  ia  regard  to  atmofpheric  air  you  wifli  to.  aicertainy  is 
to  be  introduced  into  the  baUoon9  and  the  weight  marked  wf 
is  to  be  moved  along  the  beam.    The  divifion  at  which  it 
flands  when  an  equilibrium  i^  pTodaccd*  will  indicate,:  in 
hundredth  parts  of  the  weight  lof  the  volume,  of  atmofpheric  air 
that  coltld  be  contained  in  thebaUoen,^  the  weight  of  the  gas 
a&ually  indofed  in  it.    This^  indioatiov  is, read  'about  die 
middle,  of  the  antewr  pait^of  thebeam*  where  the  words  n^Mw- 
^i&rnV 4uV  aie 'marked.  -.^  ,'  ^     .    *  ^ 

:.   Not  fatished  with  havii^  procaaed  tO:  philabpheTiSiand  tho^ 
rfond,  of  accutgte  experimentSi  an  ipftnunent  ei^dremely  cpor 
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firtfnientforthc'ctofet^  aiid  cX  very  cxtenfiveufe,  C.  Paul  liat 
endeavoured  to  retider  this  apparatus  'portable,  and  has  cof^ 
ihraded  varionr  pocket  fteeUyards,  with  which  the  niceft  ex- 
fterimencs  may  be  made,  and  the  quality  of  gold  coin  be  afcer<- 
tained  by  the  trial  of  its  fpecific  gravity.  They  are  conftmfted 
exaAly  on  the  fame  principles  as  the  Roman  fmall  fteel-yard» 
fant^ire  neceflarily  lefs  extenftve  in  their  ufe.  They  cannot  b^ 
employed,  for  example,  in  determining  the  fpecific  gravity  of 
an  aeriform  fluid,  and  do  not  extend  beyond  i  oo  qeniers  of 
weight ;  but  as  they  poficfs  all  the  adVantttges  of  a  balance^ 
befides  thofe  peculiar  to  themfelves,  they  are  extremely  con- 
^Fenient  for  philofophers  who  are  obliged  to  travel. 
^  A  figure  of  this  fteel-yard  and  apparatus  may  be  feen  in 
TiHoch'sThifbt  Magazine,  vol.  iii.' 

Steely  A  Ri>9  to  a/certain  ammal  ftrength^  may  feadify^be 
attached  to  almoft  any  kind  of  machinery  in  which  animals  ate 
f  he  firft  movers :  and  it  is  much  to  be  wiflied  that  experiments 
were  frequently  made  with  them,  in  order  that  our  knowledge 
on  this  point  might  be  increafed. 

The  following  contrivance  falling  under  this  head,  has  becti 
lately  propofed  for  determining  the  power  of  horfes  drawing  in 
mills.  Let  AB  (fig.  10.  pi.  XXXII.)  be  the  vertical  fliaK  to 
which  the  horizontal  horfe- poles  AC,  AD,  are  attached.  'Let 
ime  horfe -work  the  machine  by  drawing  at  the  ear  E;  but 
snAead  of  the  tranfverfe  fpliftter-bar,  to  which  the  harnefs  is 
fixed,'  being  fimply  hung  upon  the  hook  A,  let 'a  good  i^ring 
fteel-yard  be  interpofed  between  that  crofs-bar  andthe  Mok^ 
,the  graduatidns  of  which  (hall,  when  the  machinery  is  put  into 
motion,  indicate  the  refiftance  (in lbs.)  overcome  by  the  animal^ 
including  the  weight  of  the  mafs  moved,  the  firidion,  &c. 
Near  the  extremity  of  the  oppofite  horfe-pole  AD,' let  there  be 
fixed  a  ftrong  and  ct>rred  common  fteeUyard,  whofe  divifions 
ihall  ihew  the  various  weights  from  40  or  50  to  200  lbs.  and 
arbofr  centre  of  motion  ihall  be  at  the  point/ on  the  fixed  ftand. 
Let  the  cord  r,  which  is  faftened  to  thelhorterarm  of  this  fteet« 
yardj  pafe  (with  as  little  fridion  as  poliible)  over  the  pulley  f^ 
.and  thus,  being  turned  into  the  horizontal  dire£):ion,  6r  r^the^r 
inclining  a  little  upwards,  let  it  be  fixed  to  the  crofs-bar  of  the 
harnefs  of  a  fecond  horfe,  equal  in  pomt  of  ftr^gth  t6  the 
former.  Then,  if  the  two  horfes  thus  attached  to  the  ears'E 
-alkd  F  be  made  to  pafs  over  the  walk  iti  the  fame  dife£^ion, 
following  each  other  conftantly  at  the  diftance  of  a  femi^cif- 
cumference  ;  while  that  which  draws  at  the  ear  E  overcdm* 
the  whole  preflure  and  refiftance  oppofed'by  the  wcrt*k,  Ac  other 
iFhich  draws  at  F  by  the  cord  o^r  the  pottey  ^,  will  raifithb 


412  MACHINES. 

wei^t  tcr  of  the  fted-ytM ;  wkidi,  therefore^  by  beings  motcd 
to  and  fro  upon  the  »rm  fu  may  be  brought  lo  exhibit  en  «'xaA 
counterpoife,  or  meafure  of  the  exertion  and  poorer  ^  die  horfe; 
And  in  order  tp  en  fare  the  greatefl  degree  of  accuracy  in  thk  re^ 
fpe£l}  the  motion  of  the  two  animals  and  the  pofitkm  of  die 
weight  us  ftonld  be  fo  adjufted,  that  the  fame  weight  fimuld  be 
ihewn  by  the  graduations  both  of  the  fprinr  and  of  the  letvr 
fteel-yard.  The  (baking  of  the  machinery  wiU  in  feme  iiieafnig 
dtfturb  the  eiFe£l :  but  an  ingeniout  manager  of  the  experimenta 
will  find  means  of  checking  this :  and  as  to  the  centrifttgd 
force  to  which  the  weight  ti;  is  expofedj  it  will  never  be  of  ma^ 
terial  confequence  in  any  of  the  flow  motbns  wbidl  will  b^ 
prodoced  by  this  kind  of  workt 

Each  experiment  fiiould  occupy  the  place  of  a  fiiir  day's  woifc 
for  the  bt)rfe8 ;  for  the  conclafions  deduced  from  Aorter  and 
irregular  efforts  are  ?.lways  erroneous  *in  exoefej  and  fliould  be 
guarded  againft.  The  rate  at  which  the  animals  move  may 
readily  be  afcertatned  from  the  known  circumferenee  of  the 
walk^  and  the  number  of  rounds  they  art  obferred  to  make  ia 
ten  or  fifteen  minutes. 

A  flight  modification  will  adapt  this  contrivance  to  die  deter- 
mination of  the  power  of  men  puflnng  at  the  bars  of  a  capftan.: 
to  this  end  it  will  only  be  nece^iary  to  have  a  fuffictentiy  ftrong 
frame  in  form  of  a  IV  one  end  of  which  may  be  faftened  t* 
a  noofe  In  the  cord  paffing  round  the  pulley  p^  while  a  man 
pnlfaes  at  the  *;anfverie  bar  of  the  frame,  with  the  fame  eneigy 
as  lie  would  employ  at  the  capftan  bar. 

By  means  of  fuch  fteel-yards  properly  apjdied  to  waggons^ 
ftc.  upon  tolerably  fmooth  roadS)  and  two  horfes 
abreaft  (one  drawing  the  load»  the  odier  raifing  the  weight), 
periments  mij^ht  be  inftituted  to  afcertain  the  magnitude  of  the 
efforts  of  horfes  when  drawing  in  redilinear  paths. 

In  DcfagnUers's  Experimental  Philofopby,  vol.  i.  {bmefleel- 
yards  are  defcribed>  by  which  the  flrcngthoif  men  may  be  afoer- 
tained  when  ftanding  ftill,  and  pulling  or  puAing  upwanls  or 
downwards:  we  had,  at  Ard,  propofcd  to  defcribe  them  in  this 
place  ;  but  as  all  tbefe  contrivances  are  nearly  on  the  fame  prin- 
ciple, and  may  eafily  be  adapted  to  any  particular  parpofe,  we 
omit  the  minute  deicriptions  and  drawings  to  make  room  for 
<;ther  fubjects. 

STREAM-MEASURERS,  are  inftruments  by  wiadi  the  velo- 
city of  currents  of  water  in  rivers,  milKponds,  &c*  may  be  de- 
termmed* 

In  die  introdu£lory  part  of  this  "volume,  we  fpoke  of  ^d)c 
coqmioii  and  grofe  methods  of  afcertaining  the  veioctty  of  ma- 


nine  ^water  in  canaki  &c.  But  as  more  fcientific  and  accurate 
mc&ode  bave  heendevUed,  it  feem$  proper  to  infert  the  iNsft. 
of  tbcm  with  whick  we  aire  acquainted,  in  thU  place. 

!•  M.  PiM  laveAted  a  ftream  meafurer  of  a  fimple  conftruc- 
don,  by  means  of  which  the  velocity  of  any  part  o.f  a  (bream 
may  readily  be  fouad.  This  inftrument  is  compofed  of  two 
long  tubes  of  giafe  open  at  both  ends ;  one  of  tbe£?  tubes  is  cy- 
lindncal  throii^ottt  \  the  other  has  one  of  its  extremities  bent 
into  nearly  a  right  angle»  and  gradually  enlarffes  like  a  fupnelt 
or  the  momh  of  a  trumpet :  thcSe  tubes  are  both  fixed  in  grooves 
in  a  Iraangular  prifm  of  wood  \  (o  that  their  lower  extremities 
are  both  on  ^  fiime  level,  ftanding  thus  one  bv  the  iide  of 
the  other,  and  tolerably  well  preferved  from  accidents.,  Tht 
frame  in  which  thefe  tubes  (land  is  graduated,  clofe  by  thf  fide 
of  them^  into  divitSons  of  iochea  and  lines. 
.  To  ufe  this  inftrument,  plunge  it  petpendicularly  into  the 
water,  in  Cuch  manner  that  the  cmening  of  the  funnel  at  the 
bottom  of  one  of  the  tubes  (hall  ee  completely  ^pofed  to  the 
dire£tion  of  the  current,  and  the  water  pafs  freely  through  the 
fennel  up  into  the  tube*  Then  obfc^rve  to  what  hei||bt  the 
Mrater  riles  in  eadi  tube,  and  note  the  difference  of  altitudes  j 
for  this  difl^ence  will  be  the  height  due  to  the  velocity  of  the 
ftream«  It  is  maaifeft,  that  the  water  in  the  cylindrical  tube 
wlU  beraifed  to  the  fame  height  as  the  furface  of  the  ftreamy 
by  the  hydroftatic  preiiure  :  while  the  water  entering  from  die 
conent  by  the  funnel  into  the  other  tube,  will  be  compelled  to 
rife  above  that  furface  by  a  ipace  at  which  it  will  be  fuftaioed 
by  die  impttUe  of  the  moving  fluid :  that  is,  the  momentum  of 
dk  ftream  will  be  in  equilibrio  with  the  column  of  water  fuf- 
tained  in  one  tube  above  the  furface  of  that  in  the  other.  la 
eftimaiting  the  velocity  by  means  of  this  inftrument^  we  muft 
have  recourfe  to  the  theory  in  art.  439.  &c.  vol.  I.  as  corre£led 
by  the  e^pperiments  in  art.  460.  Thus,  if  b^  the  height  of 
the  column  fuftatned  by  the  ftream,  or  the  difference  of  bights 
in  the  two  tubes,  be  in  feet,  we  ihail  have  v  =  6'5\/i&,  nearly* 
the  velocity,  per  fecund,  of  the  ftream  ;  if  £  be  in  inches  then 
V  =  22*47  v^  *»  nearly. 

It  will  be  eafy  to  put  the  funnel  into  the  moft  rapid  part  o£ 
the  ftream,  if  it  be  moved  about  to  different  places  until  the  dif- 
ference of  altitude  in  the  two  tubes  becomes  the  greateft«  la 
fome  cafes  it  will  happen,  that  the  immeriion  of  the  inftrumaiC 
will  produce  a  little  eddy  in  the  water^  and  thus  difturb  me 
accuracy  of  the  obfervation  $  but  keeping  the  inftrument  im- 
merfed  only  a  few  feconds  will  corre^  this*  The  wind  wouI4 
alfo  zSk&,  the  accuracy  of  the  experiments^;  it  is,  thereib9e»  ad^ 
to  make  tbecn  wh«i  tbef^  is  little  oir  no  wiadf  £ j  means 
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of  this  inftruitieftt  a  great  number  of  curiems  and  ufefdl  dHj*' 
fervations  may  eafily  be  made :  the  veiocity  of  water  at  various 
depths  in  a  canal  or  river  may  be  found  with  tolerable*  accuracy^' 
and  a  mean  of  the  whole  drawn,  or  they  may  be  applied  to  the 
correding  of  the  theory  of  waters  nlnning  down  gentle  Hopes/ 
The  ofcfervations  may  likewife  be  applied  to  afcertain  whethei^ 
the  augmentations  or  thd  velocities  are  in  proportion  to  the  in- 
creafe  of  water  pafling  along  the  fame  canal,  or  what  other  rela* 
tion  fttbfifts  between  them,  &c. 

•  Where  great  accuracy  is  not  required,  the  tube,  u^A  the  fun- 
nel at  bottom,  will  alone  be  fufficient  \  as  the  farface  of  the 
water  will  be  indicated  with  tolerable  precifion,  by  that  part  of 
the  prifmatic  frame  for  the  tube  which  has  been  moiftened  by 
theimmerfion. 

M.  Pitot  likewife  propofed  that  a  (imilar  inftrument  fliould 
be  ufed  inftead  of  a  log  to  determine  the  rate  at  which  a  fhip 
fails.  For  this  purpofe,  place  in  the  middle  of  the  veflel,  or  a^ 
near  as  can  be  at  the  centre  of  its  ofciUations  two  tubes  of 
metal  of  three  or  four  lines  in  diameter,  one  of  them  being 
ftraight,  the  other  bent  at  bottom,  and  enlarged  into  a  cpnical 
funnel ;  the  bottoms  of  both  are  to  dip  into  the  water  of  the 
fea  in  which  the  veilel  fails,  and  there  will  be  no  evil  to  appre^ 
hend  from  orifices  fo  minute:  into  thefe  metallic  tubes  arc^ 
dofely  fitted  two  others  of  a  convenient  height  for  the  obferva-» 
tions.  The  water  will  rife  in  the  firft  of  thefe  tubes  up  to  ii* 
level  on  the  outfide  of  the  (hip*,  and  in  the  fecond  up  to  a  certain 
height,  which  will  indicate,  as  above,  the  velocity  of  the  veflel : 
for  the  funnel  being  turned  towards  the  prow  of  the  (hip,  it  will, 
in  confequence  of  the  motion,  be  afieded  in  like  manner,  as  if 
it  were  plunged  into  the  ftream  of  a  running  water  j  and  thus 
the  velocity  of  the  velTel  is  found  by  the  fame  theorem  as  that 
of  the  current.  This  method  has  lately  been  re-propofcd  in  this 
country,  without  any  acknowledgments  to  M.  Pitot.  We  da 
not,  however,  recommend  its  adoption  aboard  a  fliip;  for,  not- 
withftanding  its  theoretical  ingenuity,  it  is  Kable  to  many  fources 
of  error  in  the  practice,  and  would  not,  it  is  probable,  furnifh 
more  accurate  meafures  of  a  fliip^s  way  than  thofe  deduced 
from  tile  log* 

2.  Another  good  and  fimple  method  of  meafuring  the  velo- 
city of  water  in  a  canal,  river,  &c.  is  that  dcfcribed  by  the  Abbe 
Manny  in  his  Treattfe  on  Rivers,  Pbilofophical  Traufa&ions, 
vol.  69.  It  is  this :— Take  a  cylindrical  piece  of  dry  light  ^ood, 
and  of  a  length  fomething  lefs  than  the  depth  of  the  water  iir 
the  river;  flb6Ut  one  end  trf  it  let  there  be  fttfpended  as  many 
fxnall  weights  as  may  keep  the  cylinder  in  a  vertical  or  uprigWf 
'pofition^  with -its  head  j<ift  above  watBt.    T<)'the  centre' dfthi^ 
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•Citd.fix  a  favall  ftraight  rod,  precifely  in  the  direfllon  of  the 
cylinder's  axis:  to  the^end  that^  when  the  inftrument  is  fuf- 
pended  in  the  water,  the  deviations  of  the  rod  from  a  perpen- 
dicularity to  the  furface  of  it,  may  indicate  which  end  of  the 
cylinder  goes  foremoft,  by  which  may  be  difcovered  the  dif- 
ferent velocities  of  the  water  at  differetit  depths ;.  for  when  the 
rod  inclii^  forward,  according  to  the  direflion  of  the  current^ 
it  is  a  proof  that  the  furface  of  the  water  has  the  greatefl:  velo- 
city ;  but  when  it  reclines  backward,  it  ihews  that  the  fwiftefl! 
current  ts  at  the  bottom;  and  when  it  remains  petpendU 
cular^  it  is  a  fign  that  the  velocities  at  die  top  and  bottom  are 
equal. 

This  inftrument,  being  placed  in  the  current  of  a  river  or 
canal,  receives  all  the  percu^ions  of  the  water  throughout  the 
whole  depth,  and  will  have  an  equal  velocity  with  that  of  the 
whole  current  from  the  furface  to  the  bottom  at  the  place  where 
h  is  put  in,  and  by  that  means  may  be  found,  both  with  eza£b> 
nefs  and  eafe,  the  mean  velocity  of  that  part  of  the  river  for  any 
determinate  diftance  and  time. 

But  to  .obtain  the  mean  velocity  of  the  whole  fedion  of  the 
river,  the  inilrumest  muft  be  put  fucceflively  both  in  the 
middle  and  towards  the  fides,  becaufe  the  velocities  at  tfaofer 
places  are  often  very  different  from  each  other.  Having  b]r 
this  means  found  the  fevera)  velocities,  from  the  fpaces  run 
over  in  certain  times,  the  arithmetical  mean  piaoportional  of  all 
thefe  trials,  which  is  found  by  dividing  the  common  fum  of 
them  all  by  the  number  of  the  trials,  wiU  be  the  mean  velocity 
af  tl)e  river  or  canal.  And  if  thb  medium  velocity  be  multiplied 
by  the  area  of  the  tranfverfe  fecfcion  of  the  waters  at  any  place, 
tlie  produ£k  will  be  the  quantity  running  diroitgh  that  place  in  a 
fccond  of  time. 

If  it  be  required  to  find  the  velocity  of  the  current  only  at  the 
fiirface,  or  at  the^middle,  or  at  the  bottom,  a  fphere  of  wood 
loaded,  or  a  common  bottle  corke<)  with  a  little  water  m  it,  o( 
fuch  a  weight  as  will  remain  fufpended  in  equilibrium  with  the 
water  at  the  furface  or  depth  which  we  want  to  meafure,  will 
be  better  for  the  purppfe  than  the  cylinder,  becaufe  it  is  only 
affe£^ed  by  the  water  of  that  fole  part  of  At  current  where  it 
remains  fufpended. 

Both  the  cylinder  and  the  globe  may  be  eafily  guided  into 
that  part  which  we  want  to  meafure  by  means  of  two  threads 
or  fn^all  cords,  which  two  perfons,  one  on  each  fide  of  the 
canal  or  riv^,  muft  -hold  and  dire£l ;  taking  care  at  the  fame 
time  neither  to  retard  nor  accelerate  the  motion  of  the  inftru* 
ment< 
&\JKVACL'f IMU^Q  Macbintrj.  la  0£lober»  iSo^^  >  F^n^ 
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was  takqn  out  by  Mr.  Joicph  Biamah  for  macjumty  for  ^ 
purpofe  of  producing  ftraight,  fmooth,  parallel  furfaces»  9t^ 
curvilinear  furfaces,  on  ^ood>  and  other  materiak  r^uiripg  ac- 
curacy, in  a  manner  much  more  expeditious  and  per{<;£l  thaa' 
can  be  performed  by  the  ufe  of  axes,  faws,  planes*  and  other 
putting  inftniments,  ufed  ty  band*  As  many  particulars  ia  t}ie 
fpecification  of  this  patent  are  highly  curious»  and  ^annot  fail 
to  be  very  beneficial,  we  fhaJl  extradi  the  greater  part  of  It  froiA 
the  Repertory  of  Arts  and  Maimfactures^  voL  ii.  N.  S« 

^'  The  principal  parts  of  my  invei^tion  are  as  follows  ;  that  is 
to  fay»  to  fhorten  and  reduce  manual  labour,  and  the  confequeot 
expences  which  attend  it,  by  producing  the  efieds  ftated  ia  my 
patent  by  the  ufe  of  machinery,  which  may  be  worked  by  ani- 
mal, elementary,  or  inanual  force  i  and  wliich  faid  effe^s  are 
to  produce  itraight,  true,  fmooih^  and  paraUcl  furfaces,  in  tbe  .. 
preparation  of  all  the  component  parts  of  work  conlifting  of^, 
wood,  ivory,  horn,  ftone,  metals,  or  any  other  fort  of  mate- 
irials,  or  compofition  ufually  prepared,  9»d  render  iit  ftiinO 
true  and  fit  for  ufe,  by  means  ot  edge-tools  of  every  defcrip- 
tiop.  I  do  not  reft  the  merits^  of  this  my  faid  invention  on  any 
novelty  in  the  general  principle  of  the  machinery  I  en^kloy*  be- 
caufe  the  public  benefit  I  propofe  will  rather  depend  on  new 
effects,  produced  by  a  new.  application  of  principles  alrpidy 
known,  and  machinery  already  in  ufe  for  other  purpofes,  in 
various  branches  of  Britifti  maaufa^ure.  This  noachincry* 
and  the  new  manner  of  ufing  it,  with  fome  improvements  ia 
the  couftru£tion,  together  with  fundry  tools  and  appendages 
never  in  ufe  before,  are  particularly  defcribed  and  explained 
hereunder. 

**  I  mean  to  ufe  and  apply  for  the  purpofes  above  ftatgd, 
every  kind  of  edge-tool,  or  cutter,  already  known,  either  in 
their  prefent  fliape^  or  with  fuch  variations  and  improvements 
as  the  variety  of  operations  I  may  encounter  fnay  fi^v^rally  call 
for.  But  the  tools,  inltead  of  being  applied  by  hand,  ^s  ufual, 
I  fix,  as  judgment  may  dirc£^,  on  frames  drove  (dnven)  by 
machinery :  fome  of  wmch  frames  1  move  in  a  rotary  dire£kioa 
round  an  upright  ihaft  >  and  others  bavii^  their  ihaft  lying  iu 
Z  horizontal  pofition,  lij^e  a  common  laxli^  for  turning  wood^ 
&c.  In  other  inilauces  I  fix  thefe  tools,  cutters,  &c.  on  frames 
which  ilidc  ia  (lationed  grooves,  or  otherwife,  and  like  tie  . 
former  calculated  iox  connexion  with,  aod'to  be  driven  by«  mar 
chinery,  all  of  which  are  hereafter  further  eixplained  and  partis 
cularifed. 

''  Xhe  principal  points  on  which  the  mesits  of  the  ioMntioa..  . 
reft  are  the  following.    Firft»  I  caufe  the  materials  meant  io  he 
wj:(ui^  truf  af^l  ^i^  s»  aU^dflftfikdliJtaffidpiata  coo«  . 
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ta6t  with  thcioo),  inftead  of  the  to&J  being  carried  by  the  hand 
over  the  work,  in  the  ufual  way. 

^    ••  Secondly*  I  make  the  tool,  of  whatfoever  cutting  kind  it  be, 
to.  traverfe  acrofs  the  work  in  a  fquare  or  oblique  dire6iion; 
except  in  feme  cafes,  where  it  may  be  neceflary  to  fix  the  tool 
or  cutter  tn  an  imrtiov^abic  ftation^  and  caafe  the  work  to. fa II 
in  conta£l  with  it  by  a  motion,  confining  it  fo  to  do,  fimilar  to 
iJie  operaiions  performed  on  a  drawing-bench. 
,    .'*  Thirdly,  in  fome  cafes  I  ufe,  inQead  of  common  faws,  axes, 
planes,  chifels,  and  other  fuch  inflruments,  ufually  applied  by 
hand;  cutters,  knives^  (haves,  planes,  and  the  like,  varioully,  as 
the  nature  of  the  work  may  render  necefTdry ;  fome  in  form  of 
bent  knives,  fpoke-ihaves,  or  deep-cutting  gouges,  fimilar  tp 
thofc  ufed  by  turners  for  cutting  off  the  rougheil  part.     I  alfo 
itpjlily  planes  of  various  (ha pes  and  conflru^tion,  as  the  wori; 
'faay* require,  to  follow  the  former  ir^  fucceflion,  under  the  fame 
operation;  2SkA  which  latter  I  call,  furni (hers. 
:    ** Fourthly,  thcfc  f:utters,.  knives,  &c.  I  fix  on  frames  of  wood, 
or  metal,  properly  contrived  for  their  .reception,  and  from 
which  they  may  be  eafily  detached  Jor  the  purpofe  of  fharpen- 
ing,  and  tne  like — thcfe  I  call  cutter- frames.    Thefe  cutter- 
frames  I  move  in  cafes  like  thofe  on  which  the  faws  are  fixed 
in  a  ('awing«mill,  ahd  fometimes  to  reciprocate  in  a  horizontal 
direction,  confined  and  Rationed,  by  grooves  or  otherwife,  as 
jnay  be  found  beft  calculated  to  anfwer  the  feveral  works  in* 
tended.     In  other  inftances,  and  which  I  apprehend  will  gene^^ 
rally  have  the  preference^  I  fix  cutter-frames  on  a  rotary  upright 
Ihait,  turning  on.a  ftep,  ahd  carrying  the  frame  round  in  a  direc* 
tion  fimilar  to  the  upper  milUilone;  and  fometimes  I  caufe  the 
frames  to  turn  on  a  horizontal  (haft,  juft  refembling  the  man«- 
^rel  of  a  common  turnine*lathe,  or  thofe  machines  ufed  for 
cutting  logwood,  &c.  for  the  dyers'  ufes.     When  thefe  frames 
are  mounted  in  any' of  the  foregoing  dire£)ion$  for  ciitting^ 
|)lanes,  &c.  are  fixed  fo  as  to  fall  fucceffionally  (fuccejjtvciyj 
in  «conta£l  with  the  wood  or  other  materials  to  be  cut,  fo  that 
the  cutter  or  tool  calculated  to  take  the  rough  and  hilly  part 
operates  the  firll,  and  thofe  that  follow  mud  be  fo  regulated  as 
to  reduce  ibe  material  down  to  the  line  intended  for  the  fur* 
face.    Thefe  cutter- frames  muft  alfo  have  the  property  of  being 
;regulat<d  by  a  (crew  or  otherwife,  fo  as  to  approach  nearer  the 
work,  or  recede  at  pleafure^in  order  that  a  deeper  or  flial  lower  cut 
may  be  tak^n  at  difcreiion,  or  that  the  machine  may  repeat  it^ 
a£lion  without  raifiog  or  deprefling  the  materials  on  which  they 
H&*    ThJ^  manner  of  thus  regulating  the  cmter-f/?mes,  whea 
on  an  upright  (haft,  is  particulaYly'defcribed  below. ^  Thefe  cut- 
ter>framea  may  bt  iMde  of  any  nagnitude  and  dimenfions  the 
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irorit  requires,  only  Mernng  to  ittaHe-llie  tf8Huftfa''df'ttefc 
on  the  rotary  plane  fo  as  to  exceed  twice  thewiM^^'tbe'iii^ 
teriais  tt>  be  cut,  as  the  fatd  materiak  iinift  fltde  (o  t4  tofA  ^ 
ftaft  on  which  the  cutter-frame  revolves^  when  en  Ac^ifrighi 
principle. 

'*  FiFthly,  when  I  ufe  upright  fliafts,  for  tlie^arpoft of  <mny^ 
hip  the  cotter^frame  as  above  defcribed,  t  do  not  tatian  that  tht 
lower  end  or  point  of  fuch  fhafts  flu) I  come  in  <x>ntaA  wiiiii 
or  reft  on,  the  oottom  of  the  flep  or  box  in  which  ihey  land  i 
neither  do  I  mean  that  fuch  faid  (hafts  ft  all  reft  or  turn  on  aaf 
llationed  unalterable  point  at  refi,  but  the  pivot  or  tower  poim 
of  the  fbift  ihall  adually  reft  and  torn  on  u  fluid  body,  focbaft 
dfl,  or  any  other  fluid  proper  for  that  purpofe,  t  conBderadit 
JKtftion  of  which  is  always  to  be  l^pt  between  the  lower  point, 
of  the  flkart  and  the  bottom  of  the  ftep  in  which  It  works;  Tte 
feid  fhafts  may  be  either  raifed  or  depreflM  At  plcafnre toaaf 
required  altitude,  by  means  of  m  greater  or  left  qnantity  df  ibt 
Ikid  fluid  being  confined  as  aforefaid  between  the  end  of  the 
ftaft  and  the  bottom  of  the  ftep.  This  device*  I  d«em4if  greut 
tonfeqoenCe  in  the  fabrication  of  aH  klndi  af  nritellinefy,  wii«it 
inafly  and  heavy  loaded  upright  Otaftaare  ufedi  and  I  ptrfbrfli 
it  in  the  following  manner  *  that  is  to  iky :  The  lawer  part  ^  Ih* 
ftaft  muft  be  turned  perfe6lly  fmooth  and  evHikhricnl,  to  t 
Ileiffht  fomething  above  the  greateft  diftance  or  length  fhe^flMft 
%ri1l  ever  be  required  to  be  raifed  Or  deprefl^d  vftnen  in  trfcl 
This  tK^t  of  the  Oiaft  I  immerfe  or  dmp  inttf  a  lloH#w  cyiiodes^ 
whicn  fits  its  circnmfc*rence^earencKigb  toillowfrsMMn  0f 
fisotion,  but  fufficiently  fitted  to  prevent  Qiiike.  TkbarUatlBri 
ea!l  the^ftep^cylinder,  and  ftifkiek^^mvtt  be  of  a  lengtn  nwrlr 
equal  to  that  of  the  cylindrical  part  of  the  ftiaft  aboiWfli4niioni4 
lb  that  when  the  point  of  the  ftaft  refts  on  the  boifbm  #f  dnr «f« 
finder,  the  parallel  or  cylindrical  purt  may  be  fiHBCthtng  riMVf 
(he  top  or  upi^er  end  of  the  ftep-cylinder.  In  tile  iqiper «Bd  of 
this  ftep-cylinder  I  make  a  ftuffing-box,  by  iseana  of  a^dtmUnii 
cup[ied  leather,  or  other  materials,  furrouiiding  the  c^Kndaieal 
part  of  the  ftaft,  in  fuch  a  way  as  wiH  cauft  the  jtlnfkion,  when 
the  ftaft  is  pafTed  through  it,  to  remain  water-tighi  nndbar  aaf 
preifure  that  may  be  felt  from  the  efibris  of  the  Strid  reittliad 
as  befbl-e  mentioned,  to  maktf  its  efcape  trpwirdt-thm^btWa 
part,  f which)  I  have  called  the  ftuffing^box,  when  ibe-ftilll 
frith  all  its  load,  is  pafled  through  it, ^nd immetfed tttdne  cy« 
Dnd^r  below.  When  this  is  done,  the  itifeding'^pipe  of  viininl 
lorcing.puinp,  fitnilar  to  tbofe  I  ofeinmy  patent -prds/ tout 
fidrm  a  ittn£tion  with  the  ftep^^litider  in  fome  paM  btlowtiit 

%  jM  Powit  dt  Tbi«^iUt:t  %cflifiaitiMi»  |HibliaM4>n|lie  im^m^  ^^Uw 

of  jhc^.fti€ue»o£  the  Rcpcrtoryt  ^r  ^hcEnglj/h  ErvcyckyDaKUai  Wt.  W^teiU 
wokK8;fo7theacvtloptiacntofafiittittfriiircncitffl.  --••-•'-'  "^ 
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>nflbigjhM4-'th»n  •  ibc  pump  being  VffDrked,  tiM  0%  ca  other 
fliHd^«fi«i  by  ill  m\\X^  hy  prtffing  hi  «II  direflions,  C4uf«  the 

(bftflloibe  rafed  (ram.  iu  reft,  on  the  bottom  of  the  cylinder, 
Ml(l  10  be  Aided  up  thiqiigh  the  ftufl^n^-box'juil  the  fame  at 
the  piftoji  of  my  patent  preb;  and  by  thu  means  the  (haft,  with 
all  ita  ittcmnbranee,  and  whatever  may  be  its  weight,  may  be* 
aatfed  to  ^My  given  -peiot  at  pleafure,  and  at  the  fame  time  it  - 
mil.be  left  refting  on  ike  fluid  under  it,  whatever  the  quantity 
pt  tb«c)uiiift  of  fttcb  fluid  may  be  between  its  point  and  the  bot* 
lom  of  the  flep-cylinder.  By  this  means  the  (baft,  with  all 
il$ ipeisnkbeBt lo^d,  as  aforefaid, (hould  it  even  amount  tohun^ 
dfedsor  tboufaods  of  tons,  eao  be  eafily  raifed  and  deprefiTed  to 
•inr  re^uiied  point  at  plaafore»  by  the  alternate  iojunclion  (inn 
jJmo)  M^.ditekai^  of  the  fluid  ufed,  exadly  the  fame  as  per- 
lerfhed^/my  patent  prefs  as  aforefaid;  and  at  the  fame  time 
^  faiAion  will  be  avoided,  except  that  of  the  ftuffing4K>x^ 
sirhieh  asill  be  coonparatively  trijBing  to  that  which  would  refult 
from  the  refting  of  fuoh  a  (haft  on  the  bottom  of  the  (lep^  ia 
ibeufttal  way*  Thus  wiU  be  gained  the  properties  above  Aat<« 
•d;  and  in  additioa  thereto,  1  tlunk  it  may  be  inferred,  that, 
yiwided  ^  tb»  ftiifing4iox  is  kept  )>erfe£tly  fluid  tight,  fech 
ft'lhib,  thus  buoyed  up  by  and  taming  in  a  proper  Suid»  may 
footimie  workingior  vearSi  or  perhaps  hundreds  of  years,  witn^ 
mat  a  fadh  fuppTy  oli  oil,  or  whatever  other  fluid  (ubftance  m 
Cound  the  mmlt  proper  to  apply. 

.  ^*  Sixthly,  the  maiefial  that  is  to  be  cut  end  made  true  maft 
be  tamif  nsed  on  a  platform,  ^t  frame,  made  to  Aide  wiili 
yeafeft  tfucli^  either  on  wheels  or  in  grooves,  &o.  fimilar  to 
akcife  frames  in  a  faw«rasUon  which  the  timber  fs  carried  to  the 
|hws.  Tkefe  fmmes  muft  be  aM»ved  in  a  fleady  progreffive 
SBaaner,  as  dM  eiitter-frame  tunss  round  either  by  the  fame 
pawer  wibich  aaevea  the  latter,  or  otherwife,  as  may  be  found 
10  .atifwer  boft  in  prafkice.  This  flEM>tton  alio  muft  be  under 
alMe  power  of  a  regulator;  fo  that  the  motion  of  the  Aiding* 
firatne  may  be  properly  adjofled  according  to  the  nature  of 
ate  woik«  The  motion  of  the  cutter-franea  muft  aVfo  be  under 
ikm  oimiaoi-  of  a  reaubtor;  fo  that  the  velocity  of  the  tool  in 
paffing  oVaa  iha  wodL  may  be  made  quicker  or  flower,  as  fuoh 
W0rh  amy  Mfpefttrely  require,  to  caufe  the  cutter  to  a&  pro* 
l^eriyt  aad  to  the  heft  advantage. 

^^'Sovenihly,  I  regulate  the  motions  of  both  thefe  parts  of  the 
jyprsratoa,  aa  aforementioned.,  by  means  of  a  new  invention, 
!asnich  I  caU  a  miiver(al  rcgalator  of  velocity,  and  which  ia 
aifpnftd  aa^fqilowsi  via.  I  take  any  number  of  cog-wheels, 
of  oiflefent  difbeters,  with  teeth,  that  will  exadly  fit  each 
othar  through  the  %Hio!e,  fimpofe  ten,  or  any  othei^  numMr, 
but  foe  eitampla  &y  i«a.  th^  Qiiallcft  of  which  ^uil  aot  exceed 
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one  inch  in  diameter^  and  the  largeft  fuppofe  ten  inches  in  df* 
^dieter,  and  all  ihe  reft  tamouai  by  regular  gradationt  '\n  their 
diameters  iixmi  one  to  ten.     I  fix  theCe  ten  wheels  faft  atftt  \mi 
moveable*  on  an  axis  perfectly  true,  foaito.  form  •*cone  a( 
wheels;    I  then  take  tea  other  wheels,  exa6bly  the  fame  in  all 
vefp^d^  as  the  former,  and  fix.  them-  on  anotker  axb,  alfo  pen* 
feUiy  true,  and  the  wheels  in  conical  gradauon  alfo;  but  thefe 
latter  wheels  1  do  not  fix  faft  on  their  axis,  like  the  former,  bat 
Jeave  them  all  loofe  fo  as  to  turn  upon  the  faid  axis,  contrary 
to  the  former  which  are  fixed.     All  tbefe  latter  wheelsJ  haive 
ihe  power  of  locking  by  a  pin,  or  otherwife,  fo  that  I  can  at 
^ifcretion  lock  ctr  fet  faft  any  fingic  wheel  ac  pleafure.    I  tbea 
j»lace  the  two  axises  (axes J  parallel  to  each  other,*  with  the 
.whceU  which  Ibrm  the  two  cones,  as  aba?€  defcrtbed,  in  re* 
^^erre.pofiL4on,'ttf  that  die  large  wheel  at  the  one*  end  of  (be 
cone  may  lock  its  teeth  into  the  fmalleft  <me  int'be  cone  oppo* 
4il^,.  and  iikewife  mu  vtrja.    Then  fuppofe  the  axis  on  whiok 
ihe  wh^eU  are  permanently  fixed  to  be  turned  about,  all  the 
AvheeU  on  tl>e  other  axis  will  be  carried  round  with  an  eqtiai 
velocity  with  the  former,  but  their  axis  will  not  move.    Then 
im\i  t!ie  largeft  wheel  on  the  loofe  axis^  and  by  tsmiajg  about 
^h^^faft  {Jafltned)  axis  as  before,  it  rafuft  make  ten  revotnttons* 
while  the  oppofite  performs  but  one:  then  by  unlocking  th% 
Jargeil  wheel  ajid  iockiag  the  fmalleft  oiw  at  the  contrary  end 
of  the  cone  in  its  fte^d,  and  turning  as'beforei  the  (a4l  (jafimi^ 
€^^axds  Avill  then  turn  the  oppofite  ten  times  whik  itfelf  only 
revolves  ooce.    Thus  the  axc^s^  ot  Ihafts,  of  tbefe  xones,  or 
jcooical  combination  of  wheels,  naaytnfn  each  otber  recifro- 
-caily,  as  one  to  ten,  and  as  ten  to  one;  which  colleflmly^pro^ 
•duces  a  change  in  velocity  under  a  nniforfn  «£tion  of.  the-^rir- 
mbkm   mobiie^  as  ten  to  a  hundred :  for  when  the  fmall  wned 
^ou  the  loofe  axis  is  locked^  and  the  faft  one  makes  ten  revoh^ 
'tions,  the  former  will  make  one  hundred.    And  by  adding  to 
J.he  ^number  of  thofe  wheels  and  extending  the  conee  whioh 
iooay  be  done  ad  infinitum^  velocity  may  be  Iikewife  infinitely 
^varied  by  this  fimpie  contrivance— -A  may  turn  B  with  a  Ipeed 
equal  to  thoufands  or  millions  of  times  its  own  motion^  and 
by  changing  a  prn  and  locking  a  difiercnt  wheel,  as  above  d^ 
^fcfibed,  JB  will  turn  A  in  the  fame  proportion,  s^  their  power 
will  (he J  transferred  to  eack^  in  firoportWft-ns  ikeir  veUdtki^ 
HcipnnxiUy^     Mere  is  then  a  univerfel  r<^kittor  at9iHie'*for 
bo|h  power  afid  velocity. .  In  fome  inflnocea  1  pfoduce^a  Ufae 
^^akl  by  tho  fao^  neceftary  number  of  wheek^  ntiade  lo  torre* 
fpond  ill  cooicair  ordar,  but  infiead  of  being  all  cMfiasfthr 
ftiumnied  on -the  axises  (axes)  or  i3iaftf«'as^dbov«idrltrsbea« 
t4fy  will  reciprocally  /^^^^  changed  from  one-axis  to  theMher 
i^^x  ^gk  paii:3^  match  aecordtng  to.  the  (peed  or  powea  wanidlt 
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jiiA.a»  IB'  the  ibrme'r  inftdnce**  This  metdod  will  have  iti-M 
refpef^  \kt  fame  dSt&,  but -not  fo  convenient  a6  ivlien  the 
«ftbeel»are-aU'fixed,&c.  ^^ 

1  **£ighthly«  when  i^^hericai  furfaces  are  to  be  pf odti^ed  p^TfeA** 
ly  triie,.aml  paraiiel.to  (equidifhnt  from)  their ceifitrefi^fnaM 
dire£lions,  1  ufe  a  tool,  or  cutter,  of  a  proper  ihape,  ace6xidUi4g 
to  the  nature  oi' the  materials  to  be  cut»  Tht«»  tool'mi^ft'be 
fixed  on  a.cuuer-iraroe,  falleiiod  to  the  reft -of  any  eomifldW 
lathe*  fo  as  to  prcfent  itti  point  exafiiy  to  a  line  drawn  thrMr^k 
the  centre,  of  .the  mandrel  of  the  lathe  hori/.omally,  arid  the 
laid  frame  on  which  the  cutter  is  fixed  mnfl  have  the  capaditj^ 
of  drawing  out,  at  pleafure*  to  any  required  di^lature,  to  actom'^ 
flBodate  |he  diameter  of  the  fphere  to  *be-^ur  or  turned'trueA 
This  cutter«frame  muft  be  likewifemadeto  tuf  n  upon  a  cc^Htif^ 
m  pin»  very  firm,  and  fteadily  fixed  on  the  reft  above  tti^A^ 
lionod,  fo  as  to  enable  the- cutter  to  he  turned  by  its  frait)9 
IDunda  centre  exadly  perpendicular  to  the  centre  of  theiath^ 
«r  line,  before  mentioved,  by  .which  the  altitude  of  the  tooV4 
poiot  is  to  be  regulated;  when  this  is.  done,  f nd  the  wood  <sh 
^ihef  materials  fixed  on  the  lathe  in  the  ufual  way,  the^  cuttei'-^ 
iraQe  reuM  be  drawn  nearer,  or  farther  diAant  from  thece^ 
Ue  on  which  it  tUins,  to*  acommodate  the  diameter,  juft'-thtf 
&me  as  the  common  reft.  If  the  materials  b& rough,  and-^e* 
^ireto  berednced  to  a  fpherrcalform  by  gradations,  die  \tork 
may  be  repieatedJy  gone  over  by  the  cutter;  before  it  reacb^a 
the  diameter  propofed. .  By  thia  fimpfe  apparatus  ihe>  difficult 
ly  •f  tumiiig  perfefl  fpheres  isovercome;  as.it  muft  bex>bvi'i 
«iiis  to  any  perfon  of  the  moft  ordinary  capajcity  in  mechantes^ 
that  while  tiie  work  is  turning  in  the  lathe  in  a  vertical  dined* 
tioAi.and  theaool  or  cutter  is  by  the  hand,  or  otherwife,  turn* 
edfial^lie  fame  time,  in  a  perfeflly' horizontal  dire£lion,  round 
a-  centre,  oppofite  to  the  a&ual  ccnti:e  of  the  fphere,' the  point  of 
the  ^tool  or  cutter,  mufi,  of  neceifity,  generate  or  torn  a  *per« 
fe&  fphere,  true  in  all  dire£lions,  without  the  fmalleft  attehtioii 
oir  ailiftaoce  from  the  ufe  of  the  inftrument*  'I  mention  here 
the  apptication  of  the  cutter*frame  to  a  common  lathe,  eonCei^'^ 
ing  it  will,  by  fuch  an  explanation,  be  more  familiarly  under- 
fteod  without  a  drawing;  but,  by  this  method,  fpherea 'of  an^ 
prafiicai  magnitude  may  be  cut  with  perfed  eafe  and  certaimty. 
t  *'  Nifkthiy,  when  concave  furfaces  are  to  be  produced  perfe«« 
lyuue«  fiiKK>th,  and  parallel  to  (tqmJiJlant  fr(fmj  thpir  re* 
fpe£live  fpherical  centres,  the  work  is  fixed  on  a- machine  the 
fame. Ml  all  refpe£is  as  the  common  titriiiifg  lathe*  as  in  the 
iali^ncfr  \di&.  rj:{etTed  .to.Ml  then  -fix  a  tooL^or-^ttar^  •n  a 
cenue,  exa£lly  in  a  line,  hoth  perpendicular  to,  and  on  a  level 
t^ith  the  ei^ati  centre  of  the  Aaft  or  n^hdrd  on  which  the 
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ifork  revolvei:  anil  which  cutter  or  tool  projefii  to 
quired  radial  diftance  with  its  point.  To  that  when  the  work 
goes  round  by  the  revolution  of  the  lathe,  tfae  tool  or  cvtter  «l 
the  fame  time  revolving  round  «s  centre,  a  fphericid  couctve 
will  be  generated  and  pioduced  by  the  flttfikm*  of  M  poin4 
us  i&  the  inftance  of  the  convex  fphere. 

''Teathly,  I  convert  folid  wood,  or  other  ourtcnals*  mtou 
ihio  concave  (bell,  fimilar  to  a  dilh,  I  cut  them  attemately  out 
ef-each  other,  beginning  at  the  fnialleft,  by  neaos  of  anotkcf 
lool  or  cutter,  likewife  moving  on  a  fiationcd  centre,  as  befof^« 
exadly  on  a  level  with,  and  perpendicularly  true  with  the  deft* 
tre  of  the  mandrel  or  (haft  of  the  machioe  on  vUch  die  ^fotk 
is  fixed.  This  tool,  or  cutter,  it  made  at  its  exterior  poiuC,  be 
uuttiDg  end,  of  fuch  a  tt^pt  as  beft  foiu  the  nature  of  the  woik^ 
^nd  #is  ftaok,  or  ftemyis  bent  to  the  exaA  circle  theconcaveib 
meant  to  be;  it  i^  then  fixed  on  an  arm  or  frame  calcttiated  t9 
receive  others  of  different  circlvs,  according  to  the^worfc^  hft 
f^  the  fame  frame  may  be  ufed  which  is  ritovr  drfcribeJ  to 
bold  the  tool  km  cutting  fpheres,  ^herof  the  conear?«  or  cnm^ 
vex  kind.  The  tool  mull  be  fixed  on  this  frame  or  •rm,*'ai 
above  mentioned,  at  fudi  a  radial  dKtance  from  the  cmtie  oil 
which  the  frame  or  arm  turos^fo  as  to  form  a  ^uudram  with  onto 
Ic^,  turning  on  its  centre,  and  (he  tool  fonmngtbc  peitplMy 
with  lU  cuuing  point  proje&inff  to  the  line  bf  the  dricieat  kg. 
Before  this  tool  begins  its  aiclioR,  a  txMamon  toft  muft'te 
applied  clofe  to  the  face  of  the  worit,  in  order  to  fupyort'ttiu 
tool  wfaeu  it  btgirts  inM  cot;  and  on  which  reft  tke tool  ^RriN 
Side  till  its  point  proceeds  under  the  oonttol  of  iht  ccBtfe^un 
which  its  frame  is  fixed,  umil  it  reaches  the  borio^nmi  Hue  o( 
tbe  lathe's  centre,  when  the  part  cut  off,  or  the  iUflcr  difti,.wii| 
fell  from  the  ilock,  and  leave  the  reft  for  the  operation  df 
Other  tool,  of  a  larger  circle.  Thus  the  operutfon  may  bea 
peated  till  the  whole  lump  is  comretted  according  to  them* 
teations  of  the  owner. 

SYPHON,  with  Mr.  Clpfe's  new  appticatton  of  it  to  coft* 
vey  water  aicve  the  level  of  the  refervoin    See  Cm  ane^ 

TEETH  OF  viTHx  ELS,  and  LSAVES^fin^itJ,  require  mat 
care  and  judgment  in  their  forma^ios,  tnat-  they  may  nenher 
clog  the  machinery  with  utineceffar^  friction,  nor  act  fb  mek 
gularly  as  to  produce  any  inequalities  in  tfae  motion,  end  a 
conie^uent  wearing  away  of  one  part  before  another  is  mucli 
affected  by  the  wcSl» 

S^e^r^I  eminent  mat]iematiciaDS  upon  the  condnent, .  ai^ 
-a  f«w  in  Englaad.  nad  Scotiattd^  knve  dirvficd  their  tnfreftig«« 
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tlfttM^varift  9.  fidfjeCt  to  js4»tijU  to  the  perfeAioD  ttf  vmhi- 
Q^y:  ^t^  although  RocipGr^  Varignon,  De  la  Hire,  C^M6*« 
Eiijcft*  Jwaeftoec,  and  RobHbzi,  have  turned  their  thpuglus  to 
^W  obje^.  Mad  have  ftruck  out  feme  rules  of  rc^a^y  sippHca* 
Utm  kapnii^M^^it  U  Iqt  be  legmted  that  ihctp  rule»  have  b^^ 
little  fiollowod  by  pra&kal  mechanics,  moft  of  whom  have  in 
(h|$/i;afe  faeeo  inore  inclined  19  foilow  in  their  confirudioiis 
the  rules  of  Imifo.9  and  others,  though  cpmjpletely  deiruut^  ^i 
loechanic  principle. 
.  As  the  conflrufiibn  of  teeth  o{  a  prpper  form  is  exceecjiogly 
eafy,  we  beg  to  recommend  Iteameftly  to  praftica!  men,  ani 
9S  we  merely  touched  upon  the  fubje^l  in  our  firilvo1.(arc.  147^) 
it  tt^ay  not  be  amifs  to  enter  a  llule  into  detail  here,  availing 
^m(^\vet^  For  the  moll  part«  of  the  judicious  remarl^s  juil  pub- 
lifhe4  by  Kir.  Brewfler. 

V  It  has  been  Iot)g  known  to  maihematicians^  ana  need  not 
Jbere  be  4emon&rated,  that  one  wheel  will  not  drive  another 
with  untibrtn  velocity,  untqfs  the  teeth  of  one  or  of  bot^ 
If^ecjU  h^€  iheir  faces  formed  into  a  curve,  generated  after 
^^^n$Hn4r.0f  am,  eficyclmdt  c<miprehendiog,  under  curves  o;^ 
4bis  kiod«  tfuafe  wiiich  ane  formeid  by  evolving  the  circumfer* 
itt^f»  0t  circles*  .  fiui  in  order  to  .  itifiure  a .  uoiformity  of 
^fH^Utfi^  ffod  velocity  i«i  the  Aciioa  of  one  wheel  upon  another^ 
it '» io^tbrolutdy  neceffiirY  that  the  ieetli  eliker  Qf  one  or  bbtb 
jAiiiciels  j)e  eKa£kIy  cf^icycloids,  b  the  fenle  to  which  geometofs 
^jWtnwily  reft  rift,  .tkit  term«  If  the  teeth  of  one  ea  tbem  be 
filb^r  cirtuJar  or  triangular^  with  plain  fides,  or  lijie  a  inaogtc; 
.l|Kkbits«iide$.ccinVeiging  10  the  centre  of  the  wheel,  or,  in  lhort» 
J9f  my 'Other  £onA,.thiS  uniformitv  of  {qtc^  and  motion  witl 
fbe  attained,  firovided  <hat  the  tcein  of  the  other  wheel  have  fi 
JSguce  which  is  compounded  of  that  of  an  epicycloid,^  and  the 
Jigip«  oi  the  teeth  of  Jthe  firft  wheel.  De  la  Hire  has  .(hewn, 
in  a  iwiety  of  cafes,  how  to  find  this  compmmd  curve :  ai>d  vrm 
hav^  lately  examined  a  mil]  in  which  fome  .teeth  have  been 
.Ibitt  jCQoft<vaed  with  great  ikiil  and  fucoefs.  But  4s  it  is  often 
diftcnil  to  deicnbe  this  compoundi^urve^and  fometimes  inipQiC* 
^bk  to  difoover  its  nature,  aire  (hall  endeavour  to  fele^  fiywha 
iEarm  for  ihe  teeth  as  tmiy^be  eafiiy  defcrihed  by  the  practical  me- 
jsbanic^  while  it  enfures  a  iiniCormiiy  of  preilure  and  velocitv. 
,ln  erder  to  avoid  circumlocution  and  obfisurity,  we  (ball  ^^9 

*  Caami^  popoliV  diflieriatioD  on  this  rob}e£l  ^""^t^  fsuod  in  the  ^eMd 
.vol.  q{  kli  Courle  of  Mathcouitics,  the  «ditloii  of  17w  >  the  edition  of  17o1 
^does  not  contain  It.  Euler^j  paper  is  iftrertf^i  ie  If»v»  iOomlmnt,  f^trafol^ 
Mi,  '5. 1754,  1755.  It  will  be  Usterefting  ca  midi«matlciaiis,.  as  it  eaiSbili 
ikrae^  trtccs  ef  4iW  imilcrly  tend :  hot  k  ie  too  abftrufe  to  be  recomniciKk)fl 
ee  ite  pmALoal  lacdisiiic* . 
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as  it. cuflamary  with  pcaSical  men,  the  fm^ wlvsel  fwUcb'ts 
.  fuppuftd  alwavs  to  be  driven  by  a  greater  ofie)  Uie^Mioff*  ami 
its  teeth,  the  Uavts  of  the  puxion.  Tbe  line.wbicfajoim  the 
centres  of  the  wheel  and  pinion  may  be  called  t\i^Mne  4ff€€t(h 
ires,  NoMT  ^here  are  three  di^ent  ways  in  ^whiriMhc.  <eeih  ci 
one  wheel  may  a£l  upon  the  teeth  ot  another;  and  each  "9^ 
'there  modes  ot  a£lion  requires  a  different  form  for  tfa,)^teetb«  • 

I.  When  the  teeth  of  the  wheel  begin  lo  afi  upon  the  leaves  qf 
"     the  pinion  jvrtt.  as  they  arrive  at  the  tineof  cerrtres;  and, 

•  .    when  their  mutual  dtVxon  is  carried  on  after  they  have  patTcd 

this  Jioe. 
>II.  When  the  teeth  of  the  wheel  begin  to  aft  upon  the  leaves 
%    of  the  pinion,  before  they  arrive  at  the  Ime  of  centres,  and 
-  oonda£l  them  either  to  this  line,  or  a  very  little  beyoad  it. 
III..  When  the  teeth  of  the  wheel  begin  to  acl  upon  the  leaves 
of  the  pinion,  before  they  arrive  at  the  line  of  the  centres, 
and  continue  to  a£l  after  they  have  pafled  this  liue. 

I.  The  fird  of  thefc  modes  of  a6lion  is  rcoommended  by  C^ 
mus  and  De  la  Hire,  the  latter  of  whom  has  invefti^raird  tbe 
form  of  tbe  teeth  folely  for  this  particular  cafe. .  Wbeocbis 
mode  of  aftion  is  adopted,  the  acting  facea  o£  the  'lti\^ec  of  thfe 
.pinion  Ihould  be  parts  of  an  interior  epicycloid  generated  byii 
circle  of  any  diameter  rolling  upon  thexamcave  fuperfictesof 
the  pinion,  and  the  a6ling  faces  u£  the  teeth  of  the^heel  (hoiihi 
be  portions  of  an  exterior  epicycloid  formed  byabe  /oMtfgendL 
rating  circle  rolling  upon  the  convex  fuperficies  of  che^wheei* 

Now  it  is  demonftrable  (ftce  the*  article  Cyoi;(>id«  ^p)^ 
£ngli(h  £ncycIo.}  and  has  before  been  mentibned  in  our  trw 
tide  V KKALLZi.  motions^  that  when  x>ne  circle  rolit  «rtthi# 
another  whofe  diameter  is  double  that  of  the  roUing  circle,  the 
.line  generated  by  any  point  of  the  latter  will  be  ^fitaightHnts 
tending  to  the  centre  of  the.larger  circle.  If  the  geneCating 
circle,  therefore,  mentioned  above,  ihould  be  taken  with  itSLdia* 
meter  equal  to  the  radius  of  the.  pinion,  and  be  made  to  foH 
upon  the  concave  fuperficies  of  the  pinion,  it  will  generate  a 
ftraiglit  line  tending  to  the  pinion's  centre,  which  will  be  the 
form  of  the  afiing  faces  of  its  leave.8;  and  the  teeth  of  the 
wheel  will,  in  this  cafe,  be  exterior  epicycloids,  formed  by  a 
generating  circle,  whofe  diameter  is  equal  to.  the  radius  of  the 
pinion,  rolJing  uoon  the  convex  fuperficies  of  th&  wheel.  This 
form  of  the  teetn,  viz.  when  the  afi^ing  faces  of  ;tbe  pinitAi't 
leaves  are  rifi^ht  lines  tending  to  its  centre,  is  exhibited  in  fig. 
14.  pi.  XXXII.  and  is  perhaps  the  mod  advantageous,  asit.re- 
quires  leb  trouble,  and  may  be,  executed  with  greater  accural^ 
than  if  the  epicyclojdal  form  had  been  employed;  it  ia  juftly 
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icdtftttiMlde;^  taltft'tyf  De  1»  Hire  and  XTateus  ai<paniGd1aiT)r  ad« 
V»iit«g«ottsiil  cfock  dnd  watch  work. 

Vhe  atcenttve  reader  will  i^ceive  that,  in  order  to  prevent 
thcie^  of  thjft  wheel  frooi  a6kiiig  upon  the  leaves  of  the  piui- 
en,  befc^e  they  reach  the  line  of  centres,  and  that  one  tooth  of 
ihtf^wheef  may  not  qtiitthe  leaf  of  the  pinion  till  the  fucceodt* 
ing-to0ch  begins  toa6^  upon  the  facceeding  leaf,  ihere  mull  be 
a  Certain. proportion  between  the  Qumber  of  lesvea^itt  the  pi* 
jHonaBd-ihe  AUmber  of  teeth  in  the  wheel,  or  betweentlie  ra» 
dius  of  the  pinion  and-  tkerUdius  of  the  wbesi,  wheo  thcdi^ 
ftanceof  the  leaves.  19  given*.  But  in  iiwwhingry  the  nunofcet  of 
leaves  and  teeth  are  always  known. from  the  yelocky^wludbkil 
required  at  the  working  point  of  the  tnachiae)!  itbecoiheae 
matter*  therefoire,  of  great  importance,  toddecmme  i«uth  aecii« 
racy  the  relative  radii  of  the  wheel  and  pioioo. 

For  this  purpofe  let  A,  -fig.  14*  be  the  ptnionv  bavsngthe  ad« 
ing  faces  of  its  leaves  firaigbt  iities  teodteg  tothe  cemibyand 
B  (not  fiiewn  in  the  figure)  the  centre  of  the  wheel ;  Aii.  will 
isethe  dtftance  of  theircentres.  Then,  as  the  tooth  C  is  fuppof* 
ed  not  to  a6t  tipen  the  leaf  Amtill  it  arrived  at  the  line  AB,  it 
tiugbt  not  to  quit  A  #1  till  the  foUowiti^g  tiioth  F  ha^  reached 
tile  line  AB.  -  But  fince  the  tooth  always  a6ls  in  the  diffe&ioh 
efa  line  drawnperpendicui^ar  to  the  face  of  the-ieaf  A  m  from 
ahe  point  of  contaA;  the  lineCH,  drawn  at  right  aiigles  to  the 
&ce  of  the  leaf  A  m,  will  determine  the  extrediity  of  the  tooth 
CDj^r  the  laft  part  of  it,  which  fliould  sA  U)ioa  the  leaf  .A  m^ 
bad*  will  alfo.mark-  out  GD  for  the  de{>tb*  of  the  tooth.  Now, 
aa  jotdis^ito  find  AH;  HE,  and  CD,  put  a  for  the  number  at' 
iseth'in:the 'wheel,  ti  for  the  number  of  leaves  in  the  pinion,  c 
tor  the  diftince  of  thie' pivots  A  and  B,  and  let  x  reprefent  the 
radias  of  the  wheels  and  y  that  of  the  pinion.  Then,  ftnce  the 
eircmrofercnce  of  the  wheel  is  |o  the  circumference  of  tbe  pi^ 
iuon  as  the  number  of  teeth  in  the  oneto  the  number  of  leaves 
snithe  oth^r,  and  as  the  circumferences  of  circles  are  propoit 
ttonal  to  their  radii,  we  (hall  have  a:  ^  ::  a;;  j^,  or  by  cpmfioQt 
tton  a-^i:i::c:y  (c  being  equal  to  jr+^),and.confequeniiy  the 

radius  of  ^e  pinion,  \iz. yzz—j\  then,  by  inverting  the  firft 

analogy,  we  have  bxawyix^  and  confeqitenily  the  radius  of  the 

wheel,  v\z,  x:=.-j~-%y,y  being  npw  a  known  hiimber, 

«  N0W4  in  the  triangle  AHC,  right-angled  at  C,  the  fide. AH 
is- knowfii  and  like  wife  all  the  angles  ( H  AC  being  equal  .tg 

— )•  the  fide  AC,  therefore,  can  be  eafily  found  by  plane  trigpi 

Rometry*    Then,  in  the  obIiqui:*angjed  triangle  ACB,  the  aa« 


r 
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1^  CA&t  eqatti  to  HAC«  k  kaawt,  at  viiH  «•  ihcf  two'S^ 
AB9  AC,  which  conttin  U|  chttbiri  fide,  iWrcforc^  viz*  Cfii 
ma^  %t  iBtmmwd ;  from  whidi  DB,  equal  10  HB,  alrald/ 
feiMdy  being  fiabirafif  d,  there Mtiahu  CD  for  thft  depkkoC^be 
leeib.  -  When  the  aflien  it  carried  on  afcer  the  tine  ef  eentmf^ 
k  oflen  happens  that  die  teeth  will  oU  work  in  ihe  kollow»o( 
the  leeret.  In  order  to  previ^nt  this,  the  angle  CBU  iMift  ak 
ways  be  greater  than  half  the  anf^le  HBP.  The  angle.  HBP  is 
amal  to  s^  degroea,  divided  bf  tkc  mwaaber  of  toeth  in  the 
inleei»  and  CBH  it  eafily  fanod» ; 

iiiA«ad*of  oiuoos  cm  lailUwriglMs  fttqfkeody  fubftitaAe  bnii* 
ftmif  or  tranoieSt  eoofiftsitgfof  round  ftsareii  fiaeil  by  both«Bdft 
aawiy  at  the  circumferences  of  two  cqaai  ciIcular^{ne€es'Of 
iOasid;.ajid  tfaefe  ouytoben  he  adopted  with  i^neai  propriat^i 
ptovidt d  the  teethof  the^vheei'  haw  a  pioperiann  affigjaed  to 
lliein^  As  «he  form  nrcoaMiieaded  by  Stvctil  wnaecs^  aad  dreo 
h^fididor^ia  hyuomeanaacoomie,  weflmHiieaa  caUiaeiead* 
ar'f  auontioii  to  tiw  coafti«i&ioo  jpoiased  out  by  Mr  iBrewileiE^ 
nHiich  iarniflies  a  leadf  method  oi  gnmtly  dtsubnifliing  the*  &io 
lion  arifing  hrora  the  mutual  a£Hon  of  the  tooth*  •  > 
•  ijet  A,  pi.  XXXII.  fig*  1$.  he  tho  orncreof  the  ^Mnionrmr 
Anal!  ^wheei  .TCH»  whofe  tei^  are  cir cviar  Itke  ICR,  havtiig 
ihoit  aentrff  in  the  circle  PDE.  UpiOB  B«  the  cetnnnoif  tho 
laiMwhecl^asabe  4iAanoesBC»  BD,  deficribe  the  citcles  f  CK4 
GuO;  aad  wkh  PP£,  as  a  geaecatiog' tincle,  iatm  the  enm 
fior  epicycloid  DNM,  by  rolKng  it  upon  the -convex  iiijiea^ 
fictes  of  tbedrele  GDO.  The  epicycloid  DNM  thosforoiol 
sroitU  hare  been  the  proper  form  for  the  teeth  of  ths^lattpl 
wheal  GOO,  had  the  circolar  teeth  <rf  the  finall  wheel  4mao 
ktfioitdy  fmall;  hot  as  their  diameter  muft  be  coniideraiUo«  tte 
teeth  of  the  wheel  fliould  have  another  fiarHU'  In  aadisr  to  das 
termine  thetr  proper  figum«  divide  dbeepti^ydoid  DMMistton 
number  of  <qaal  parts,  t ,  a,  3, 4,  &c  aa  fiuewis  in  the  figure,*  aad 
kt'  thefe  diviiions  be  ms  {mM  as  poffible.  Then/npon  the 
painu^f  2, 3,  &c.  aa  centres,  with  thediAanceDG  eqtial  10  she 
aadias  of  the  circular  looth,  defcrihe  pontons  p(  circles  fiaaalar 
^  thpfe  in  the  figure;  and  tiie  curve  OPT,  which  touches 
thefc  circles,  and  is  parallel  lo  the  epicycloid  DNM^  will  be 
she  prefer  foam  for  thnteeth  of  the  large  wheeK 
•  In  order  iliat  the  teeth  may  not  ^tl  upon  each  other  till  thmr 
^acb  the  line  of  centres  AB,  the  curve  OP  fliould  not  U>wJk 
the  drcukr  tootb  ICR  tiU  the  paint  O  liaa  arriwiad  m,  D.  The 
sooib  OP>  sherefoce,  will  oomaseDoe.it^ai^Bon.tiponaha  ciff» 
t:ular  tpotjb  at  the  point  I^  where  it  k  cut  by  ihe  ctark  Dil& 
On  this  account,  tiie  part  IC&  of  the  cyfindrical  pin  being  ft^ 


Mrl«ohitv«n^be  ^ool  oflF,  nd  the  teoifc  of  the  ImM  vAeeJF  vviH 
be  fegtteaas  of  cifdet  inttiar  tacbe  AmrM  partftof  the 'igvfe.* 
<  >  Jtf  Uk.  teeth  oC  wtaeds  end  the  iewm  affnium  -kt  f&rmui 
mtotdrng-w  the  dtiefiiont  ilrady  given,  ther  mli  aEk  4i)MMi 
Mch  «ihSr,  «et  only  widi  unifbrm  forcc»  hiit  ■ifa  without  mo* 
Horn  The  <nie  tooth  rolls  upon  tbeodier,«iid  nekher  #«iet 
aor  mbe  to  fiich  k  degree  m  to  retard  the  wheeky  or  wiear  theif 
leAh%  Bat  as  it  it  impofiible  in  praAtoe  to  gife  that |Mrfe&  cuHb 
vatuie  to  the  aBina  faces  of  the  teeth  which  theory  requtm,^tt 
certain  quantity  of  £ri£Hon  will  femaia  after  e«eiy<paeca«umi 
haa  been  taken  inihe  foneatMttJof.theooaaaaanieatHig'paha* 
This  friasott  najr  be  reaiovad,  or  at.loaft-gteatiy  diurinitedi  ii 
the  foUowing  manner*  '    .    «  i. 

.  if,  inflaad  of  fiaing  the  ctroolar  teeth,  as  in  fig*  tg^^jo  ehA 
wfaeei  ORE,  thcf  an  aaade  to  tnove  upsR  axles  or  fpMtal 
fixed  in  the  cticttOifereocc  of  the  wheel,  all  the  fri£biei»  wilt  W 
taken  .«wa^  except  that  which  arifes  (nam  che  motioir  of  the 
aoodi  upon  its  axsa.  The  adraaitages  whioh  aiteal 
is  mode  of  conftra^Uon  are  mattj  -and  obvioua*  The  cfHn* 
drical  teeih  snay  he  formed  kj  a  tuminff^ailie  arith  the|;feat* 
eft  accMracjr;  the  corre  irqoined  for  theteetfa  of  the  *hRfe 
ankcei  ts^eaUly  tcaced^  the  prelate  and'  notibn  of  the^lana 
anU  be  witfonM  ;  aod  the  teeth  )npe  AOt  fo^ect  to  wear.,  heaanfh 
arbatever  fin£bon  tiepMkins  is  almoft  wfaoUf  reanoved  bjr  tfaetcift 
eniotion  of  the  cy  lindrstal  fpokes  abotit  dieir  aicesi  The  readee 
will  aUb  oUerve,  that  this  tmproremeiit  maiy  be  flioft«afilp 
faVfOdneed  when  the  f«all  wheel  has  the  fenn^ef  a  trundteioe 
lanteoi;  and  chat  it  vtmf  be  adopced  in  cafes  where  iaalMrea 
oonM  wot  be  conveniently  ufiidv  it  howetrei  can  6nlf  iia 
adopted  where  the  machinery  is  iarge.  For  Cmail  works^  the 
^  teeth  of  the  pinion  or  fatall  wheel  Siooid  be  lefitlinealy  and 
thofe  of  ih«  large,  wheel  epicycioidai. 

IL  Hafthg  hitherto  fupponed,  that  the  muttia]  aflion  of  the 

leetk  doea  not  comoienoe  till  they  arrive  at  the  Jfneofcekitnei^ 

^let  us  now  attend  a  little  to  the  form  which  muft  be  given 4ben% 

tthen  the  whol«  <sS  the  aAioo  is  earned  on  befote  they  mach 

the  4aae  of  centres,  <»  vrhen  it  is  coatpleted  a  very  little  btdow 

'  this  Ifnci    This  anode  of  a^ion  is  not  fo  advEanlaffeoua  as  that 

which  we  have  been  confidering,  and  fltould,  if  poiRbie^  atwa3Pa 

be  infolded*    It  is  evident  that  the  too^  of  Uie  wheel  oufts  upon 

f  llie  leaf  of  the  pinion  h<?fave  they  arrive  ar che  line  of  ^dktM^ 

i  ahat  it  4{uits  ehe  leaf  when  ahey  reach  thit^line,  and  that  the 

i  aeoth a^rka  deeper  and  (deeper  between  the* leaves  of  thopia 

r  adon £kt  nearerit  coates  to  the  (ine  of  oenores^    Aron»ehia  liaft 

^  awrgpnianoe  o  tonfidbable  quantity  of  frifiion  arifes,  betaiA 

f  the  tooth  does  not,  as  before,  rW/  upon  the  ieaf,  batj^iJej  upofl 
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ki  and  from  the  fame  camie  tbe  pinioo  loon  liwei  fisol,  at 
the  duft  which'lies  upon  the  a^i?ig  faces  of  che  Icawci  it  polk. 
9d  mut  the  boliovs  between  them.  One  advantage,  hmrcsbr, 
attends  this  mode  of  action,  far  it  alhyws  ns  to  nuke  the  tectli 
of  the  large  wheel  rcailineal.  and  tbas  renders  the.  taboor  of 
the  incchanic  Ms,  and  the  accuraev  of  his  work  greater,  than 
if  they  had  been  of  a  curvi lineal  ionn.  If  the  teeth  therefore 
•f  the  wheel  are  made  rettitineai,  having  their  fnrfaces  diiefted 
io  tbe  wheel's  centre,  tbe  acting  faces  of  tbe  leaves  mnft  be 
epicycloids  ionned  h%'  a  generating  circle,  whofe  diameter  is 

2oal  to  the  fnni  of  the  radius  of  the  wheel,  added  to  the  depth 
oneol  its  teeth, roHingnpon  the  circnmference of  tbe  ptnioib 
But  if  the  teeth  of  the  wheel  and  the  leaves  of  tbe  pinion  am 
Wmde  cufviHneai,  the  wbuog  faces  of  the  teeth  of  the  wheel  moft 
be  portions  of  an  interiorepic>cluid  fatmed  bf  any  t^eotfiating 
circle  rolling  within  the  concave  fuperficies  of  the  lairge.cifci^ 
atld  the  abing  laces  of  the  pinion's  leaves  mntl  be  portions  of 
an  extesior  epicyciuid  produced  by  rolhng  the  iame  generating 
civcle  upon  the  convex  circumference  of  ttie  pinioni 
.«  Wbcnthe  teeth  of  tbe  large  wheel  arecyliodrical  ijpindlet 
cither  fixed  or  moveable  upon  their  axes,>an  exterior  epicycloid 
■Mil  be  formed  like  DNM  in  fig.  13.  pL  XXXII,  by  a  gene» 
vatiai^  eucle  whofe  radius  is  AC,  rolling  upon  the  convex  cir» 
comference  FCK,  AC  being  in  tbi;  cafe  the  diameter  ol  the 
wheel,  and  FCK  the  circumlerence  o(  tbe  pinion.  By  meant 
•f  this  epicycloid  a  eurve  OPT  muft  be  formed  as  belbre  ^« 
iieribedy  wbicfe  willbe  the  proper  curvature  for  the  aAing  facet 
•(,the  leaven  of  the  pinion,  when  tbe  teeth  of  the  whee(  aie  cy* 
lindricaL  The  relative  diameter  of  the  wheel  and  pinioo,  nrhen 
the  number  of  teeth  in  each  ts  known,  m«y  be  kmndby  the 
fame  theorems  which  were  given  for  (be  fir  A  ntodeofa^oo* 
with  this  difference  only,  that  in  this  cafe  the  radius  of  the 
wheel  is  reckoned  from  its  crnire  to  the  extremity  ot  its  tenth, 
pnd  I  he  radius  oi  tbe  pinion  trorn  its  centre  to  the  bottom  of  its 
leaves. 

r  111.  The  third  way  in  whicK  one  ivheel  tnay  drive  another, 
is  wheti  the  aiiion  is  partly  carried  on  before  the  ailing  teeth 
arrive  at  the  line  of  ceaties,  and  partly  after  they  have;  pafled 
ibis  line* 

I  This  tiioJe  of  aclion,  ^bich  is  reprefented  in  fig.  ^,  plate 
jKXXI,  is  a  combination  ol  the  two  fir  ft  modes,  and  confe^uent* 
l^t  partakes  at  the  advantaj^es  aiiddisadvcntages  of  e^clu  It  it 
evident  from  the  figure  that  the  portion  ^^  of  the  tooth  afia 
npon  the  part  i  c  of  the  leai  till  they  reach  the  line^^f  cealres 
AB  (B  the  centre  of  the  wheel  is  here  alfo  omitted  in  the 
^gure),  and  tbfiit  tbe  part  e  ^  of  the  too^h  a&f  upon  the  poriiofi 
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.  •  • 

i  a  of  the  leaf  after  they  have  pafTc^d  this  line.  It  fotUows, 
therefore,  ibalithe  afkiag  paris  eh  aed  i  c  muft  be  tornied  ac* 
^or«U]ng  to  the  dirc^ions  given  for  the  firft  mjode  of  a6tion,  aad 
that  tlie  remaining  pans  e  d,  i  a^  tnuji  have  thui  c|irvaiM«{r 
Mrhich  the  fecond  mode  of  a&ion  requires;  confpquetitly  «4 
ibottld  be  part  of  an  interior  epicycloid  ibr^ned  by  any  gencjrair 
iag  circle  rolling  on  the  poncave  circuipference.  i9i  n .  of  .1I19 
wheel,  and  the  correfponding  part  i  c  of  the  leaf  (hould  b^ 
part  of  an  exterior  epicycloid  formed  by  the  fame  generating 
circle  rpliiog  upon  b  £0,  the  convex  circumference  of  the  pu 
nion:  the  remaining  part  r^  of  the  tooth  ihould  be  a  portion 
of  an  exterior  epicycloid,  engendered  by  any  generating  circle 
rolling  upon  e  Ly.the  concave  fuperficies  of  the  wheel;  attd 
the  correfpondinff  pari  ^  ^i  of  the  leaf  (hould  be  part  of  an  in* 
terior  epicycloid  deicribedby  theiame  generating  circle,  rollioj^ 
•long  the  concave  fide  i  £0  Xfi  the  pinion.  As.  it  .would 
he  extremely  troublefome,  however,  to  give  this  double  cUrvai 
loretO'the'^ing  faces  of  the  tieeth^  it  will  be  proper  t«iurjQ4i 
gefieratiM  circle,  whofe  diameter  is  equal  io  ihe  radiiK  x>f'tiie 
wheel  £C»  for  defcribing  the  interior  epicycloid  r  A'dfui  ^# 
exterior  onc*^r,  and  a  generating  circle,  whofe  diame(er  h 
itquA  to  AC,  the  radius  of  the  pinion,  for  defcribing  theinlr^ 
ctor  epicycloid  ia^  and  the  exterior  one  ed*  la  this  «4iGb.itbt 
two  interior  epicycloids  «  A,  ^tff  will  be  ftraight  lines  tending 
to  the  centres  B  and  A*,  and  the  labour  of  the  mechanic  wi§ 
by  this  mean^  be  greatly  abrid|ired. 

In  order  to  fiord  thb  relative  diameters  of  the  wheel  and  pinion', 
when  the  number  of  teeth  in  th«  one  and  the  numbep  of  leaves 
in  the  other  are  given^atKl  when  thediilance  of  their  centres  iM 
alfo'given,  and  the  ratio  of  £S  to  CS,  let  a  be  tho  number  of 
t^th  in  the  wheel,  b  the  number  of  Jeaves  in  the  pinion^c  th( 
jdiAaaoe  of  the  pivots  A,  B,  and  kt  m  be  to  is  as  £S  to  CS^ 

then  the  arch  ES,  or  the  angle  SAE,  will  be  equal  to  — --» 

and  LD;  or  the  angle  LBD,  will  be  equal  to' .     But  at ' 

*ES:CS::w:7r;confequentlyLD;LC::OT:«,andLC:ti~^^-^- 
l)ut  tD  IS  ctiual  to » therefore  by  fubftitutioh  wc  have  LC 


*r  tNoWft  19  the  triangle  AP6,  AB  is  known^  wd  also  fBt, 
fvt^ich  is  the  cofine  of  the  angle  ABD,  PC  being  perpendi> 
jcuUt  to  DB,  AP  therefore  may  be  found  by  plain  trigQi»> 

r  .    i,  \ 

•  Trsiti:  des  Epicyclotdt/par  M.  De  La  Hire.  Prop.  V,,     1..   '• 
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aouiiii|, '  The  rtoikt  P  mtnAn  out  tke  farti  of  ilbe  tostli 
A  mm!  Ae  teaf  W  whwt  tbef  ciii»e»cc  tkeir  a^kimi ;  mm! 
ike  potM  I  owrkt  out  the  parts  wh^e  th«tr  mutual  afiia» 
Mufat*;  AF  therefore  it  the  preper  nidhas  of  the  ptuioity 
•odBI  the  proper  radius  of  the  Kriiecl,  the  pans  of  the 
tooth  L  without  the  point  I,  and  of  the  leaf  SP  without  the 
point  P  bciBg  fuperfluoot.    Now-,  to  find  Bi,  we  haTo£S« 

CS:;»i:»,  confi?(iucntIy  CS= ;  but  ES  was  forpK^ly 

(hewn  to  b^  equal  to— ^»  therefore,  CS=; — .    Nowthi^ 

a^ch  ES,  or  angle  EAS,  being  equaJ  to  -r-.and  CSj^or  the 
ingle  CA3»  being  equal  tp  — >  their  difference  EC,  qr  the 

jpgle  EAy.wilI  be  equal  to  -r r- »  ox=^ r-^^ r-^ 

The  anjple  £AC  hetng  thus  fouod,  the  triangle  E AB,  or  lAB^ 
friiieh  ia  nearly  equal  to  it,  is  known,  heeauTe  AB  is  given,  and 
hktmk  Ah  which  is  Mual  to  the  cofine  of  the  ancle  lAB, 
AC  being  radius,  and  AlC  beine  a  right  angle;  eontequenthr 
iB  the  radhia  mS  the  whoa}  may  he  ibunid  by  tngonomeiry.  H 
maa  fmnevly  fliewn  that  AC,  the  radius  of.  what  is  called  the 

l^riautive  pinion,  was  equal  to  "j^  and  that  BC^  the  radius  of 

AC  X  # 
ijxe  primitive  wheel*  was  equal  to  — r^ — -•    IF  then  we  fub^ 

tmftrAC  OF  AS  from  AP,  we  Aali  have  the  quantity  SP. 
uihteh  muft  he  added  to  the  ra^us  of  the.pmmtfve  pinioui  aall 
if  we  take  the  difference  of  BC  ^or  BL)  and  DE,  the  quaatil^^ 
LEwiH  be  found,  which  muft  ne  added  to  the  raditra  <if -rim 
prjeoiive  wheels  We  Imve  all  along  fuppofed  diat  the  wftttf 
df  ives  the  pinipn.  and  have  given  the  proper  fiarm  of  the  tcetlh 
upon  this  uippofitiom  But  when  the  pinion  drives  the  wheels 
the  fdtm  whknt  waa  given  to  the  teeth  of  the  wJieeU  in  the  fifft 
eafe^  muft  in  this  be  given  to  the  leaves  of  the  pinion  i  and  the 
liapu  which  was.  formeciy  gvfttk  to  the  leaves  of  the  piaitHi 
Bulk  now  be  transferred  to  the  teeth  of  the  wheel. 
9  Apother  form  for  the  teetb  of  wheels,  different  famuam 
u4uch  MTe  have  me'ntioned,  lias  been  often  recommeiided.  A 
pdrfect  uoiformity  of  aAion  may  be  fecured,  by  makinjg^itho 
acting  faces  of  the  teeth  involutes  of  the  wheel's  dmmfei^ 
•nee.   Tbus«  i«  pU  XXXV^  fig.  i ..let  AB  he a'poaaietaefi^ 

*  *  t^t  letter  L  marks  the  interCeftioo  of  the  line  Bt  W(tH  the  trcti'  i  m 
anWI  the  letter  E  the  interfeftton  of  the*  ai^  b  O  with  the  ^ppef  RMlde  dF 
AM  tesfvie.   Tbt  Itttsrs  B  md  $  aonelboad  ukh  L  and  B  rdMtisely^  and 


Iadk.b/Vhtdi,  ^1 

• 

wiictfi  Oft  wbiofa  die  tooth  is  to  he  flxdl;  nid^iet  A/r«>too 
tfavead  wrapped'  round  its  df cttmfer«iic««  baving  a  loof^koic  ii 
itt  ostremity  a.  la  this  loop-hole  fix  tbtt  pin  ii,  and  -with  it 
defcrfte  the  curve  or  ino9iu$t^  fkcdtk^  by  unwrappmg tke 
thread  gradually  from  the  circumfereBce  A  pirn*  Thii^tunw 
will  be  die  proper  form  for  the  toeth  of  a  wheel  vrhoTc  diaaio* 
ter  is  AB.  As  this  form  admiu  of  feveral  teeth  to  be-  aWM 
at^the  fame  time  (twice  the  number  that  can  be  admitted  in  m^ 
De  la  Hire's  method),  the  prefFure  is  divided  atbong  feverat 
^etb,  and  the  quantity  upon  any  one  of  them  is  fo  dimiiiifliedb 
that  thofe  dints  and  impreffions  which  they  unavoidably  make 
upon  esKh  other  are  partly  prevented. 

This  JForm  however,  which  we  have  before  mentioned  (vol,  tl 
wct»  i470f  is  only  a  modification  of  the  general  principle;  as  aa 
involute  may  be  reckoned,  and  indeed  is  calkd,  by  De  la  Hire^ 
ibe  \$il  of  tke  exterior  epicycloids. 

The  tftvoiute  m  b  c  d,  6lc.  may  alfo  be  produced  by  an  epi^ 
evclaidai  motion ;  for,  fmce  the  cireumferenoe  of  a  geoeraiiiig 
eii«l0,  whole  cenwe  is  infiiiiteiy  difiant,  matt  be  a  ftratght  iinti 
W^  may  form  the  involute  tf  ^  c,  by  moiling  a  firaight  ralci*  roll 
9bon*the  ciscumfeMace  of  the  circle  to  be  evehred.  In  fig.  u 
lit  «  ft  be  a  firaight  mier  at  whofe  extremity  is  fixed  ibe.pin  e^. 
and  let  the  point  of  the  pin  he  placed  upoa  the  point  m  4sf  the 
circle,  then  by  rolling  the  ftraight  ruler  upon  the  circular  b^S^ 
(o  that  the  pmnt  in  which  it  touches  the  circle  may  move  gra^ 
dually  from  m  to«vards  B,  the  curve  m  n  will  be  generated  c^ 
aftly  fimtiar  to  the  involute  a  A  r,  &c» 
.  Ab  abthtfig  can  be  of  greater  importance  to  the  ptacticai  m^ 
ebmic,  than  to  have  a  method  of  drawtrig  epicycloids  with  ftto 
inliiy  and  accuncy;  we  give  the  following  trom  Mr.  Brewftet 
at  an  ample  neebanical  method.  Take  a  niece  of  plaia  wood 
OH,  fig.  t ,  pt  XXXV,  and  fix  upon  it  anotoer  pieeeof  wood  £4 
katriog  its  einstnaiferooee  mboi  tb»  fame  curvature  as  therein* 
euhar  befe  upon  which  the  generating  circle  AS  is-to  10II4 
¥^en  the  goMettog  ctreie  is  large,  the  (haded  icgmem  B  will 
Jie  foficient :  in  any  part  of  the  circuoifereuce  ofthia  fcgmem 
fie  a  ibavp^potatod  ftatl  a,  Ooping  in  fuek  &  menpttrtl^  Ae 
difiaoce  of  iu  point  from  the  centre  oC  the  cin^e  maw  botCOBi 
«ftiy*«<pial  to  ite  radius;  and  faflei\  to  the  board:  GHa  pieet 
0iS  thin  tarafsv'or  eepper,  or  tin  plate  <t^,  diftinguiflied.  by  eke 
doitediliiiea.  Place  the  ihgmeat  B  in  fuoh  a  poAtioOihat  tho 
foitn  of*  tlie  nail  a  may  be  opm  the  point  6,  end  roU  the^gw 
aitat  swvatdt  O,  lo*  that  the  nail  e  su^y  »fe  grvlualiy^  aod»ibe 

K'nt  of  (:ontad  between  the  two  circular  fegments  nffsy  adiaiifce 
Faffds  m;  tbeeurve  ^i  deicribe^  upon  the  brafs  plate.wili  ^hf 
MaeOMiieotMiorjpaqroloid*    JEUitioM,.wiih.ellv^fM* 
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of  ihe  ^rafs  on  the  ItCt  band  of  the  epicycloid^  and  the  retmunf 
Iteg  coticave  arph  or  gage  a  ^  vilt  bie  a  pattern  tooih,  by  meany 
itf  which  all  the  reii  may  be  eafily  formed. .  When  an  inUriot 
eficyiloid  is  wanted,  the  concave  fide  of  its  circular  bafe  miUi 
he  ufed.  The  cycloid^  which  is  ufefnl  in  forming  the  teeth  o£ 
taei'Wori,  is  generated  pr^ctfely  in  the  fame  manner,  wHh  this 
difference  onty»  that  the  bafe  on  which  the  generating  ciicW 
tolls  niuft  be  a  (Iraight  line. 

.  Although,  in  genera),  it  is  nccefiary  to  give  the  proper  ciirr« 
irtiire  only  to  one  fide  of  the  teeth*  yet  it  may  be  proper  xq 
form  both  fides  with  equal  care,  that  the  wheels  may  be  ablq 
to  move  in  a  retrograde  dire6)ion*  This  is  particularly  necefy 
UfTy  when  a  reciprocating  power  is  employed.  In  the  cafe  of 
a  mill  moving  by  the  force  of  a  fingle-^ilroke  fteam*engine,  the 
dire^ioh  of  thp  preflure  on  the  communicating  pans  of  th^ 
r^iachinery  is  changed  twice  every  flroke.  During  the  woik^ 
iiig'firoke,  the  tecih  of  the  wheels  which  convey  the  motion 
from  the  beam  to  the  machinery  are  a6ling  with  one  fide,  o( 
t^ejr  teeth;  but  during  the  returning  flroke  the  wheels ^aQ  wiiU 
the  other  fide  of  their  teeth. 

.1  Ii)  order,  that  the  teeth  may  nox  embartiafs  one  another.beTore 
lheir..a3ion  comrhences^  and  that'  one  tooth  may  begin  to  ad^ 
Vjponit$<CQrcefp«ndiog  leafof  the  pinion,  before  the  pjreced* 
ing  tooth  has  ceafed  to  a£l  upon  the  preceding  teaf,.the  heights 
bjeadthy^nd  dillance  of  tlie  feeth  muJK  be  piopedy  proporiionr 
e3<  .For  thi$  .piupofe  ^the.jpitch  line  or  circUn^erence  of  the 
wheel  which  is  repreferitedJn'pl..XXXI.  fig,  ^^  by.  the  dotted 
afcbesy'muft  he  divided  .into  aa  many  equal  ipaees  as  ttie  nupa^ 
bfrx)fte£(h  which  tlie  wiieel  is  to  carry..  Divide. e^h  of  tkefc 
ipaoes  into  16; equa|.  parts;  allow  7  ot  thefe  .for  the  greateJQ. 
bVearitb  pfjhe  tooth,  and  9  foe  the  di fiance: between  each^..  If 
tbe, wheel  drives  ^'jLrundie,,eacfa  Xpac^iheuuld  be  divid^.iiM 
7/ettuaVparts»  and  3  of.  thefe.. allotted  for  theiUuduv£fs,4)][,t})i; 
idotli,  and  3I' for  the  diameter  of  the  cylindrical  .fiave-ci , the. 
tttiniic*.  If  eafb  o£;tbe<  %aces.  already  .rnent^x^e^/xir  it  ihe 
ififlance  tietween  the.  centres  xJi.  each  tooth,  be  divjiied,  into-g« 
eqaal  parte,  the  height  of  the  .teeth  nuill  be  equal  to  .$t  of.thefeiv 
TWefe  diftances  and  heights^  however,,  vary  according  ta  the 
«iode  of  aCUoa  which  is..employed.  See.Wolfii  Opera  A4^ 
ft)emat.  tom.  i.  pa.  696..  Behdor,  Arch.  Hydr^uUque,  tQiB^« 
thapj  2.  Camus  Coorie,  torn.  ii.  ai|dBrewfler*s  Fe(guian|l^l*JU* 
'.Such  are  fomcoE  the  methods  fuggefted  by  tYKory  for«..l2K 
fonnauQziftf  therteeth  of  wheels;  hut. it  is  iieldo9i«iDd^.tJH^ 
imyx>Ei}ieni^are.nnde  idQcof  by  prailicai  mecbanicy.  .  AmoM 
tbem.  fever;;]  methods  are.  pr^difed*  almoft  ipvery.  celdbr4t<;4 
oiH^wnghl  •r  cngvuetic  ;l)ayIo^  his  favourite  .ccdJUndiwi  .cf 


tbefe  we  (halT  only  defcrib^Qpe  in  tbis  place;  and  ttiat^  \^^\^ 
tolerably  eafy  in  application,  atlowln?  much  (Irength  to  ^he 
tcetli,  while  it  is  pretty  free  from  friction  in  comparilTon  with 
many  pra£lical  methods,  may  fometimes,  perhaps,  be  fafely 
adopted.  Let  A  and  B  (fig.  1 1.  pi.  XXXV.)  be  two  fpur-wheclt 
of  difTerent  diameters,  of  which  the  cogs  are  intended  to  wdrl| 
into  each  other  half  the  pitch,  l^he  dotted  circular  irc3  GH", 
EF,  touching  each  other  between  s  and  dy  are  the  centre  or 
pitch  lines',  from  which  the  teeth  afre  formed.  If  the  teeth 
of  both  wheels  are  iron,  as  is  generally  the  cafe  in  the  firft  mo^ 
tions  of  workSf  tbofe  teeth  are  then  made  nearly  both  of  a  fize 
at  the  pitch  line:  but  if  the  teeth  of  one  be  wood  and  the  other, 
iron,  then  the  iron  ones  are  made  to  have  a  good  deal  lefs  pitch' 
than  the  wooden  ones;  lor  then  they  are  found  to  wear  betierj^ 
In  the  figure  both  are  fuppofed  of  iron.  Suppofe  the  wheels* 
to  move  from  G  towards  H,  and  from  E  towards  F,  and  that 
the  fides  of  the  teeth  at  i,  c,  and  d^  e,  are  in  contaft.  From  i' 
as  a  centre  with  a  radius  equal  toi  p,  defcribe  the  arcs^  d^  I  m;\ 
from  4/ as  a  centre  with  the  fame  radius  the  arcs  ki^f^^  c  iJ 
Thus  the  fame  opening  of  the  compaffes,  and  a  centre  chofen  ' 
where  the  wheels  are  in  contaEl  on  the  pitch  Kne.  will  mark 
the  contour  of  the  ui 
lower  part 
tiking  feveral 

may  be  formed.  To  prevent  the  cogs  from  bottoming^  as  the* 
workmen  call  'it,  let  the  lower  part  re  of  one  tooth  be  made 
rather  longer  than  the  upper  part  ^  i  of  tht  other  which  is  to 
play  into  it.  Tlie  way  in  which  cogs  thus  conftruSed  wit)' 
work  into  one  another  may  be  underltood  by  confidering  the 
motion  of  two  of  them,  n  and  0  for  example:  when  ther  firft' 
come  into  contaft,  they  will  appear  as  at  the  eurvc  xBf^z;' 
when  they  arrive  at  Q  the  fame  fides  will  appear  as  in  the  dotted 
li^es  there  reprefented;  and  when  the  fame  arrive  at  SJS,  they 
are  in  contact  on  their  middle  points. 

In  bevel  work  (fee  fig.  7,  pi.  III.)  when  this  method  of 
forming  the  teeth  is  adopted,  the  radii  hy,  gy,  of  the  wheelt " 
muft  not  be  taken  as  tho(e  of  the  fpur-wheet;  but  drawing  ai. 
line  through  ^  perpendicular  to  xy,  till  it  rneets  xg,  and  x  h^ 
produced,  the  fegments  of  that  line  intercepted  between  jf,  and' 
the  produced  lines  xg,  xh^  muft  be  ufed  as  the  radii  of  the* 
fnur-wbeels,  and  the  other  pan  of  the  con  ft  ruction  will  be  as 
apove.     TTie  line  through  y  drawn  perpendicular  to  xy^  is 
called  by  mill-wrights^atfrtf  of  the  Bevel.     For  more  on  the" 
ft(bje£l  of  bevel  geer,  confuU  the  introdufiorv  part  of  this' 
vohime.    And   for  Mr.  Maudflay's  contrivance  (or  cutting 
teeth  of  wheels,  fee  the  article  tVKSifto. 

TOL.  n«  T  9 
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TELEGRAPH  (dertTed  from  rigXf  and  y^of  su).  It  th^  namtf. 
rery  properly  given  to  an  inftrumenty  by  means  of  which  In-. 
formation  may  be  aknoft  inftantaneoufly  conveyed  to  a  confi- 
derable  diftance* 

The  tel^raph,  though  it  has  been  ^^nerally  known  andufed 
by  the  modems  only  for  a  fow  vearSf  is  by  no  means  a  modern, 
ihvention.  There  is  rtafon  to  Dclieve  that  amongft  tne  Greeks 
there  was  fom^  fort  of  telegraph  in  ufo.  The  burning  of  Troj 
was  certainly  known  in  Greece  yery  foon  after  it  happenedf  and  ' 
before  an j  perfon  had  returned  from  thence.  Now  that  was  al-^ 
.  together  lo  tedious  a  piece  of  bufinefsi  that  conje£lure  never 
could  have  fupplied  the  place  of  information*  A  Greek  play 
begins  with  a  fcene,  in  which  a  watchman  defcends  from  the 
top  of  a  tower  in  Greece^  and  gives  the  information  that  Troy 
was  taken.  '<  I  have  been  looking  out  thefe  ten  years  (fays  he} 
to  fee  when  that  would  happen,  and  this  night  it  is  done.  Of 
the  anticfuity  of  a  mode  of  conveying  intemgence  quickly  to  a 
gt^at  diftance  this  is  certainhr  a  proof. 

The  Chinefe,  when  they  iend  couriers  on  the  great  canal^ 
or  when  any  great  man  travels  there,  make  fignals  by  fire 
from  one  day*^  journey  to  another,  to  have  every  thing  pre^ 
pared;  and  moft  of  the  barbarous  i^ations  ufed  formerly  to 
give. the  alarm  of  war  by  fires  lighted  on  the  hills  or  nfin^, 
grounds. 

Polybius  calls  ihe  difik^nt  inftruments  ufed  by  the  ancients' 
for  communicating' information  itv^frsia4,  ^r^^   becaufe  the 
irgnals  were  always  made  by  means  of  fire.  At  firil  they  commur 
nicated  information  of  events  merely  by  torches  \  but  this  me-  * 
thod  was  of  little  ufe»  becaufe  it  was  necefiary  before-hand  to 
fix  the  meaning  of  every  particular  fignal.  .  Now  as  events  are 
exceedingly  various,,  it  was  impolfible  to  exprefs  the  greater' 
number  of  them  by  any  premedi^ted  contrivance*     It  was 
eafy,  for  inftance,  to  expreb  by  fienals  that  a  fleer  had  arrived 
^  fucb  a  place»  becaufe  this  had  been  forefeen,,  and  fignals 
l^covdingiy  had  been,agcecd  upon  to  denote  it  j  but  an  unW 
expected  revolt,  a  murder,   and  fuch  accidents,   as  happt^ 
bat  too  often,  and  require  an  immediate  remedy,  oould  not  Be 
'eommuhicated .  by  fuch  fignalsi  becaufe  to  forefee  tl^em,  was 
%aipoffibk.  .        .       •   .  .V 

A  A«w.  method,  was  tOx^Q ted  by  Cleoxenus  (others.  jTaj  hy 
Democrit«s}t  and jrecymuQh. improved  by  PolybiiU^  aiflie  him- 
'felf  informs* U8^  He-deferibes  thismethgd  fs  follows:  T^J^the 
kttertof  die  ^Grosk)  a|lphabeid*af|d  divide  them  into  five||j^t 
ttsik  lof :  whidi  wJtt  conUft ..of  f^fivjE^ipttigi^i  i^^cepf:  (he  l^^vi- 
HSbn,  which  'w'x^jhaaui.cviif.Myxh  :4^.  t))^f§  be  fix^d.ioin*a 
board  in  fivd  cohminft*  Th^  IM9'  who  is  to  ei^e  th^  figitti^i^Is 
^hea  to  begin  by  holding  up  two  torchesi  which  he  is  to  xetp 


atoft  tilt  the  (nher  parly  ha*  alfd'fedwn  two*  This^"  Id  oaly  to 
Ihew  that  both  fides  ai-e  teady.  Thefe  iirft  torche  are  theoi* 
withdrawn.  Both*  parties  are  provided  with  boacdsi  on  which' 
the  letters  are  difpofed  as  formerly  defcribed.  Th<  peifoa 
then  who  gives  the  fignal  is  to  hold  up  torch^  on  tho  teftto 
point  out  to- the  othhr  party  from  what  column  he  fhall  take  the 
imera  as  they  are  pointed  out  c6  hiai.  If  it  is  td  be  from  the* 
&rft  colttflKn,  he  holds  up  one  torch ;  if  firom  the  fecond^  two  i» 
and  fo  on  for  the  others.  He  is  then  to  hold  up  torchas  on  th« 
right,  to  'denote  the  particular  lettet  of  the- column  that  is  to  bei; 
takeh.  Ail  t^is  mitfl  have  been  agreed  on  before>^and«.  Tho 
man  who  gives  the  fignals  muft  have  an  inftrument  {&9irlfay)^ 
csonfifting  of  two  tubea,  and  fo  placed  as  that^  by  Iqokinn 
through  one  of  iliem,  he  can  fee  only  the  right  fide>  ana 
thtough  the  other  only  the  l^,  of  him  who  is  to  anfwer.  The 
board  muft  be  fet  up  near  this  inftniment}  and  the  ftation  on 
A^  right  and  left  muft  be  furrpunded  with  a  wall  {itaf$fftf9^%x^^)/ 
't;pn  feet  broad,  and  about  the  height  of  a  man,  that  the  torches 
raifed  above  it  may  give  a  clear  and  f  Irong  light,  aiid  that  when 
taken  down  they  may  be  completely  concealed*  het  us  now 
fuppofe  that  this  information  is  to  be'*communicated — J  number 
of  the  awdHarieTy  about  m  hundredy  have  gpne  &ver  /»  iie  enemy. 
la  the  firft  place,  words  muft  be  chofen  that  will  convey  the 
information  in  the  feweft  letters  poffible  ;  as,  A  hundredCretans 
havf  defertedy  Kpelt(  enc^hv  af  *  nifMuv  fjvUo^Ki/i^a^^  Having  written 
dowa  this  featence,  it  is  conveyed  in  this  manner*  The  firft 
tetter  is  a  K,  which  is  in  the  fecond  column  $  two  torches  aro 
therefore  to  be  raifed  on  the  left  hand  to  inform  the  perfon  who 
vetetfes  the  fignals  to  look  into  that  particulv  column. ..  Then 
five  torches  are  to  be  held  up^on  the  right,  to  mark  the  letter  ip 
whftii  is  the  left  in  the  column^  Then  four  torches,  ^nt  to  be 
held  lip  on  the  left  to  point  out  the  ^  frj^  which  ia  in  the  ^rth 
ccAurnn,  and  two  on  the  right  to  ihow  that  it  ia  the  fecond  letter 
of  that  coiwnn*  The  other  fetters  are  pointed  out  in  the  ^mo' 
jnanner.-^-Such  was  the  /y^fo  or  ti$|egrapli  recommended  bf 
Polyfafais. 

But  neither  tliis  nor  any  other 'method  mentioned  by  d&e  fOK 
cii^nts  feemf  ever  to  have  been  brought  into  general  uie :  not' 
doea.it  appear  duit  the  moderns  had  thought  of  fuch  a  n^achiae 
as  a  tielegraph  tilt  the  year  1663,  when  &e.  marquis  of  Wovi* 
ceftc;^,  ilk  hta  Century  of  Ihveadoas,  affirmed  that  it:  had  dif- 
covtk^  ^  ^  method  oy  which,  at  a  window,  as  fav  as  eye  can 
ilifcoyer  black  ifrom  white,  a  nia»  may  hpU  dSfeourfe  witb  his 
€Oite(|piaiiftkit|*  withdiil'  noife  inMe  or  notke  taint  %  bMi^-  a$- 
^cMUng  to  oecafloiif '^|pen,  or  nteans  affovdedi  tw  t^  mrta,  zad 
s<>,na^i^fiPTifiOA  Mottkafid  i  thoii|^  tamok  botiM  i|  foi^ 
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fecn,  and  courfe  taken  by  mutual  cotifent  of  partle^.^  TIjis  coufd" 
be  done  aniy  by  means  of  a  telegraph,  which  in  the  iieit  feti- 
tencc  is  declared  to  have  been  rendered  fo  petfeOtf  that  by  meant-* 
of  it  the  correfpondence  could  be  carried  on  "  by  night  as  \viSl 
a8  by  day,  thbugh  as  dark  as  pitch  is  black.** 

Dr.  Hooke,  whofe  genius  as  a  mechanical  inventor  was  per-' 
haps  never  furpafled,  delivered  a  *•  Difcourfe  to  the  Royal 
Society,  May  21,  1684,  fliewing  a  way  how  to  communicate 
one's*  mind  at  great  diftances."  In  this  difcourfe,  he  afierted  the 
pofRbility  of  conveying  intelligence  from  one  place  to  atiother* 
at  the  diftance  of  30,  40,  100,  lao,  8kc.  miles,  **  in  as  ftorr 
a  time  almoft  zi  a  man  can  write  what  he  would  have  fent.**  He 
takes  to  his  aid  the  th«n  recent  invention  of  the  telefcope,  and> 
explains  die  method  by  which  charaflers  expofed  at  one  ftatien 
may  be  rendered  plain  And  diftinguiAiable  at  the  others.  He  di- 
refts,  ••  Firft,  for  the  ftations ;  if  they  be  far  diftant,  it  will 
he  necefTarv  that  they  fliould  be  high,  and  lie  expofe^  to  the 
iky  9  that  tnere  be  no  higher  hill,  or  part  of  the  earth  beyond 
them,  that-may  hinder  the  diftin&nefs  of  the  chafadevs  that 
are  to  appear  dark,  the  flcy  beyond  them  appearing  white  :  by 
which  means  alfo  the  thick  and  vaporous  air  near  the  grouna 
will  be  paffed  over  and  avoided.*'  "  Next,  the  height  of  •3ie^fta*» 
tidns  is  advantageous,  upon  the  account  of  the  refm£tioiis  <H* 
inflexions  of  the  air.**  •*«  Next,  in  choofing  of  thefe  fttttbns, 
care  muft  be  taken,  as  near  as  may  be,  that  there  ht'no  hill  diat 
interpofes  between  them,  that  is  almoft  high  enough  to  toudi 
the  viilble  ray ;  becaufe  in  fuch  cafes  the  refradion  of  the  ant 
of  that  hill  will  be  very  apt  to  difturb  the  clear  appearance  of 
theobjed."  **  The  next  thing  to  be  confidered  is,  what  tele- 
fcopes  will  be  neceflaf  y  for  fuch  ftations.*'  *'  One  of  thefe  te* 
lefc^^s  n^uft  be  fixed  at  each  extreme  ftation,  and  two  of  them 
in  each  intermediate ;  fo  that  a  man  for  each  glafiii,  fitting  and 
looking  thrcTugh  then^,  may  plainly  difcover  what  is  done  in  the 
next  adjoining  ftation,  and  with  nis  pen  write  down  on  paper. 
the  chara£ter5  there  expofed  in  itheir  due  order }  fo  that  there 
ought  to  be  two  perfons  at  each  extreme  ftation,  and  three  al 
e^h  intermediate  ;  ft)  that,  at  the  fame  time,  intelligenoe  nay 
be'cbnVeyed  forwards  and  backwards.**  **  Ne«f,  there  muft  ^ 
certain  times  agreed  t)h,  when  the  correfpondents  are  toet« 
peflr ;  or  elfe  there  nmlt  be  fet  at  the  top  of  the  pole^  in  the 
tfit>rning,  the  hour  appointed  by  either  of  the-corrcfpondentt 
for  acting'  that  day :  if  the  hour  be  appointed,  pendolutti  decks 
may  adji^ftthd'VirtDnient  of'expcftation  and  obfcrving/*  ^*  Nttrtv 
there  AiuiV  bcii  convenient  appar^lur  of'  diarafteri>  wheti^y 
td  con^ntunkate  ^y thitigwith  ^ate^e,  diftinAaefa,  ^Afe*^ 
crcdy.^  And  thofiiimvtt  w  eidierM»f  ckaraAttra  ^r^v^  Af^ 


rafi^r^^'V  The  day  charaders  <*  may  all  be  made  of  three  flit 
deal»^' the  night  Ghara£^ers  **  may  be  made,  with  link$^'  or 
other  lights,  difpded  in  a  certain  order.'^   The  do&or  invented 
24  Ample  charafters^  each  conilituted  of  right  lines,  for  the 
letters  of  the  alphabet ;  and  feveral  fiogle  characters,  made  up 
of  femicircksi  for  whole  fentences.    He  recommended  thfl»t 
three  very  longmafts  or  poles  ihould  be  placed  vertically,  and 
joined  at  top  by  one  ftrong  horizontal  beam  ;  chat  a  large  fcreen 
ihould  be  placed  at  one  of  the  upper  corners  of  this  frame*  be- 
hind which  all  the  deal-board  charaders  ihould  hang,  and  by  the 
help  of  proper  cords  fliould  quickly  be  drawn  forwards  to  be 
expofed,  and  then  drawn  back  again  behind  the  fcreen.     ^^  By 
thefe  means/'  favs  the  do^or,  '^  all-  things  may  be  nude  (a 
convenient  that  the  fame  chara<^er  may  be  feen  at  Paris,  within 
a  minute  after  it  hath  been  ezpofed  at  LoikLod,  and  the  like  in 
proportion  for  greater  diilances ;  and  that  the  charai^ers  may 
be  expofed  fo  quick  after  one  another,  that  a  compofer  (hall  not 
much  exceed  the  expofer  in  fwiftncis."     Among  the  ufes-  of 
this  contrivance,  the  inventor  fpecifies  thefc :  "  The  firil  is  for. 
cities  or  towns  befieged  \  and  the  fecond  for  fhips  upon  the 
fea }  in  both  which  cafes  it  may  be  pra£lifed  with  great  cer- 
tainty, fecurity,  and  expedition.' -     The  whole  of  l)r.  Hooke^ 
paper  was  publiflied  in  Derham's  coUedlion  of  his  Experiments 
and  rQhfirv^ions  /  from  which  it  appears,  that  he  had  brought 
the  telegraph  to  a  ftate  of  far  greater  maturity  and  perfe<^ion 
than  M*  Amontons,  who  attempted  the  fame  thing  about  the 
yeay  1702  ;  and  indeed  to  a  ftate  Httie  inferior  to  feveral  which 
have  been  propofed  during  the  lai):  twenty  years. 

It  wa8  not,  however,  till  the  French  revolution  that  the  tele* 
graph  was  applied  to  ufeful  purpofes*  Whether  M.  Chappe, 
who  i«  iaid--4a  have  invented  the  telegraph  firft  ufed  by  the 
Fveach  about  the  end  of  1793,  knew  any  thing  of  Hooke's  or 
of  Amontctn's  invention,  it  is  impoffible  to  fay ;  but  his  tele-* 
graph  was  conftruded  on  principles  nearly  (imilar.  The  man- 
ner of  ufing  this  telegraph  was  as  follows  :  at  the  firft  ilation, 
which  was  on  the  roof  of  the  palace  of  the  Louvre  at  Paris,  M. 
Cbappe,  the  inventor,  received  in  vmriting,  from  the  committee 
of  public  welfare,  the  words  to  be  fent  to  Lifle,  near  which 
the.  French  army  at  that  time  was.  An  upright  poft  viras  erected 
on  Mie  Louvre,  at  the  top  of  which  were  two  tranverfe  arms, 
moveable  in  all  dire&ions  by  a  fingle  piece  of  mechanifm,  and 
with  i]K:oB<;eivable  rapidity.  He  invented  a  number  of  portions 
for^^tjhefe  arms,  which  ftood  as  figns  for  the  letters  of  the  al- 
pHajbi^ti  ^nd  thefe,  for  the  greater,  celerity  and  fimplidty,  he 
redifoeii.  in  numbecas  much  as  poUible*  1  he  grammarian  wil^ 
fafily^  ifkTMw^  ik^  fiasteea  figns  may  amply  fupply  all  ijie 


letterB  of  the  dphahct,  iiBce  feme  ktWt$  fsmy  be  ^mit^di,  not 
only  without  detriment^  but  wUh  advaot^e*  Thefe  figns,  as 
ihef  were  axbkrarjTy  coiiJd  be  changed  icvery  week  i  To  that  the 
fign  of  fi  for  one  day  might  be  the  fign  of  M  the  ne^t  i  aud  it 
was  only  neceflary  tiiat  the  perfbns  at  the  extremities  fhould 
know  the  key.  The  iniermcdiate  operators  were  only  inftru&ed 
generally  in  thefe  fixteen  fignals ;  which  were  fo  diftincti  fo 
marked,  fo  different  the  one  from  the  others  that  they  were 
.eafily  remembered.  The  conftru^on  of  the  machine  was  fuch, 
that  etidi  fignai  was  umformly  given  in  precifely  the  fame  man- 
tier  at  aH  tiMMSsx  it  did  pot  depend  on  the  operator's,  manual 
ikdl  I  and  the  pofition  of  the  arm  could  never^  foF  any  one 
iignaly  be  a  deme  higher  or  a  degree  loweri  its  moveiiaent  being 
regulated  meoumically.       « 

M.  Chappe  having  received  at  tbe  I^ouyre  the  .feqtence  tq  be 
ponveyed,  gave  »  known  fignal  to  the  fecond  ftatien,  which  was 
Mont  Martre,  fo  prepare.  At  each  ftation  there  was  a  watch- 
tower,  where  telefcopes  wece.  fixed»  and  the  perfoa  on  watch 
gave  the  fignal  of  preparatmi  whifih  he  bad  received,  and  this 
communicated  iuccei&vdy  through  all  the  line,  which  brought 
them  all  into  a  ftate  of  icadioefs.  The  perfbn  9X.  Mont  Martre 
t^n  received,  letter  bv  letter,  .the  fentence  frpiii.  the  Louvre, 
wnich  he  repeated  with  his  own  machine  (  and  this  was  again 
repeated  from  the  next  height,  with  inconceivable  rapidity,  to 
die  filial  ftation  at  Liile. 

The  firft  defcriptlon  of  the  telegraph  was  brought  from  Baris 
to  Frankfcot  on  the  Maine  by  a  former  member  of  the  paxliar 
ment  of  Bourdeauzy  who  bad  ken  that  which  \yas  ere£led  091  the 
mountain  of  fielyillc.  As  given  by  Dr.  Hutton  from  fom^  of  the 
Englifl)  papers,  it  is  as  follows.  A  A  is  a  beain  or  mail  of  wpo4 
placed  upnghc  on  arifmg  ground  (fig.  i.  pL2XXIIL}j  whicb 
is  about  fifteen  or  fizteen  ttct  high.  BB  is  a  beam  or  balance 
moving  upon  the  centre  A  A.  This  balance»bea|ii  may  be  placed 
vertically  or  horizonully»  or  ^ny  bow  inclined,  by  means  of 
ficong  Cords,  which  are  fixed  ^o  the  wheel  D,  on  ^e  edge  of 
;u^hich  is  a  double  groove  to  Deceive  the  two.  cords,  This  ba- 
lance h  about  eleven  or  twelve  feet  long,  «nd  nine  inches  broad, 
Iiavil)^  at  the  ends  two  pieces  of  woofd  CC,  which  likewife  turn 
Upon  angles  by  means  of  four  other  cordii  that  pj^fs  through  the 
:  axis  of  the  main  balance,  othenvife  thp  baJance  would  dersmge 
die  cords;  the  pieces  C  are  each  about  three  feet  long,  and  niay 
be  placed  either  tp  the  right  lor  lefti  ftjraight  or  fquare,  with 
the  balance- beain.  By  means  of  thefe  three  the  cqmbinatipn  of 
moyehmtf  is  rery  exten&ve,..  irematk^biy  Imple,  ^nd  ,cafy  to 
|«^Qnn.«  Below  is  a  iaxjdL^imoiexfi.gi^zf^  hutt  ifl  which 
^  peifon ,  is  employed  to  obferve  the  movements  of  die  ma? 


chine.*  In  the  mOufttahi  neareft  to  tliis>  Atip&er^KadCcm  is  to 
rq>eat  thefe  movements,  and  a  third  to  write  them  down.  Tl^e 
time  taken  up  for  eaeh  movement  is  twenty  feconds  ;  of  which 
the  motion  abne  is  four  feconds»  the  other  i6  the  m^chin^e^is 
ftationary.  Two  working  models  of  this  inftnunent  were  exC'^ 
cuted  at  Frankfort,  and  fent  by  Mr.  W.  Playfair  to  thei  duke.pf 
York  :  and  hence  the  plan  and  alphabet  of  the  machioe  6af)xe 
to  England. 

Various  experiments  were  in  con&quence  toed  upon  tela* 
graphs  in  this  country  $  and  one  was  fbon  after  fet  up  by  go- 
vernment in  a  chain  of  ilations  from  the  admiralty-office  to  the 
fea-coaft.  It  confifts  of  fix  odagon  boards,  each  of  which  i6 
'  poifedoipon  an  axis  in  a  framCi  in  fuch  a  manner  that  it  can  be 
either  placed  vertically^  fo  as  to  appear  with  its  full  fi^e.to^  i;he 
obferver  at  the  neareft  ftation,  as  in  fig.  a.  or  it  becomes. invi- 
fible  to  him  by  being  placed  horizontally,  as  in  $g.  3.'  fo  that 
the  narrow  edge  alone  is  expofed,  wfaicn  narrow  edg^  is  from 
a  diftance  invifible.  Fig.  2.  is  a  reprefe^talion  of  this  t^Iiigraph, 
with  the  parts  all  (hut,  and  the  macfaiqe  ready  to  vKOrlo  X^^  in 
the  officer's  cabin,  is  the  telefcope  pointed  to  thenesut  fUti9n. 
Fig.  3.  is  a  reprefentation  of  the  machine  not  at  work>.and  with 
the  ports  Jilt  open.  The  opening  of  the  firil  poart  (fig-.  %'\  ex* 
pre^s  Oy  the  lecond  ^,  the  third  e^  the  fourtbi^,  the  jiftb.r,  ^nd 
the  fixth/  &c.  .  ...  J 

Six  boardi  make  36  changes,  by  the  dioft .  plain  and  fimple 
mode  of  working ;  and  they  will  make  many  mare  if 'more  were 
necefiary :  but  as  the  real  luperiortty  of  the  telegraph  overfall 
other  modes  of  making  fignals  confifta  in  its  making  letterSy^we 
do  not  think  that  more  changes  than  the  letters  of , the  9lpha<tet, 
and  the  ten  arithmetical  cyphers,  are  necefiary  ^  but,.oi9,  th^  ppn- 
trary,  that  diofe  who*  work  the  telegraphs  (honld  avc^d  .j;§m- 
n^unicating  by  words  or  figns  agreed  upon  toexprefi  fentenc'^s ; 
for  that  is  the  fure  method  never  to  become  expert  a^  fie^i^ing 
unexpe£ied  intelligence  accurately. 

Several  other  telegraphs  have  been  propofed  to  remedjSithe 
defeds  to  which  the  inftrument  is  ftill  liable.  The  dial^-phkie  of 
a  clock  would  make  an  excellent  telegraph,  as  it  might  exhibit 
144  figns  fo  as  to  be  vifible  at  a- great  diftance.  A  telegraph  on 
this  principle,  with  only  fix  divifions  inftead  of  twelve,  wpuld 
be  fimple  and  cheap,  and  might  be.raifed  ao  or  30  /tret:  high 
above  the  building  without  any  difficulty :  it  might  be  fuppit^rted 
on  one  poftf  and  therefore  turn  round,,  and  :the  cootraiS  of  co- 
lours would  always  be  the  fame.  1         r  '.     > 

Avery  ingenious  iniprovemcntof  the  tcl^rapfc.  hA5  been 
propofed  in  the  Gentleman's  Magazine.,  It  ct^Ils.of.  siifmi^ 


U^  MACfflNIS. 

• 

pao^e,  to  be  propeitf  elerated>  and  fixed  perpendicidirly  en  a 
fttotig  (land.  The  radius  12  feet;  the  femicircle  confcquetiBy 
fomewhat  more  than  36.  This  is  to  be  divided  into  14  parts. 
$aeh  of  thefe  will  therefore  comprife  a  fpace  of  18  inches^  and 
aa  arch  of  7°  30'  on  the  circumference.  Thefe  24  divifions  tb 
be  occupied  by  as  many  circular  apertures  of  fix  inches  dia** 
meter )  which  will  leave  a  clear  fpace  of  fix  inches  on  each  fide 
betw^n  the  apertures.  Thefe  apertures,  be^nning  from  the 
left)  to  djmote  the  letters  of  the  alphabet^  omitting  K>  J  con^ 
Ibnant,  V,  Xj  and  Q^  as  ufelefs  for  this  purpofe.  There  are 
then  21  letters.  ThiC  tour  odier  fpaces  are  referred  for  figiiab* 
The  inftrument  to  haVe  an  index  moveable  by  a  windlafs  on  the 
centre  o£  the  femicircle,  and  having  two  tops,  according-  as  k 
is. to  be  ufed  in  the  day  or  night;  one,  a  circular  top  of  Iac« 
quered  iron  or  copper,  of  equal  diameter  with  the  apertures 
(and  which  confequcntly  will  eclipfc  any  of  them  againft  which 
it  refts)  I  the  other,  a  fpeaT  or  arrow-fhaped  top,  black,  and 
highly  poliihed,  which  in  fiandmg  before  apy  of  the  apertures 
in  the  day-time,  will  be  diftinftly  viable.  In  the  nig^t,  the 
apertures  lo  be  reduced  by  a  diaphragm  fitting,  clofe  to  each)  fo 
as  to  leave  an  aperture  ot  not  more  than  two  inches  diameter. 
The  diaphragm  to  be  of  well-poliflied  tin ;  the  inner  rim  lac- 
quered braclrhaff  a'ninch.  '  Alt  the  apertures  to  be  illuminated, 
when  th^  inilrument  is  ufed  in  the  nightrtime,  by  fmall  lamps  \ 
to  which,  if  ncceilanr,  according  to  circumllances,  convex 
lenfes  maybe  added,  fitted  into  each  diaphragm,  by  which  the 
light  may  be  powerfully  concentrated  and  increafed.  Over  each 
aperture  one  of  the  five  prifmaf  ic  colours  leaft  likely  to  be  mif- 
taken  (the  remaining  two  being  lefs  dillinguifliahie,  and  not 
wanted,  are  heft  ortttted)  to  be  painted;  apd,  in  their  natural 
order,  on  a  width  of  eighteen  inches  and  ^  depth  of  fpur,  red, 
prange,  yellow,  gicen,  blue ;  or,  (till  to  heighten  the  tontrixft, 
and  render  inwnediately  fucceflive  apertures  more  diftingurfh- 
able,  red)  green,  orange,  blue,  yellow.  The  whole  inner  circle 
beneath  and  between  the  apertures  to  be  painted  black. 

When  the  inftrument  is  to  be  ufed,  the  index  to  be  let  to  the 
fig^  apertures  on  the  right.  All  the  apertures  to  be  covered 
or  dark  when  it  begins  to  be  ufed,  except  that  which  is  to  give- 
the  Bgml  A  fignal  gun  to  be  fired  to  apprife  the  obferver.  If 
the  index  h  fet  to  the  firft  aperture,  it  will  denote  that  words, 
arc.toibeexpreffed;  if  to  the  fecond,  that  figures;  if  to  the' 
third,  that  the  figures  ceafe  ;  and  that  the  intelUgencc  is  carried 
pu^  words.  When  figures  are  to  be  exprcffed^.  the  aU^rnatc 
apcrt^Tcs.  f rom  the  left  are  taken  in  their  order,  to  demote  from: 
J[  to  19  m^lti^Yplj i  the  (ecotid  fnwn  the  right  4enote$  looitkt 
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fifili  tooo.-  Thirerder,  and  <hefe  immalsi^rertdtWtd  j^tt^ 

ytnt  any  conftifion  in  fo  pecuKarly  important  an  article  (rf  Ak 
intdligence  to  be  conveyed. 

•  Peribaps,  however,  none  of  the  tdegraphs  hitherto  ofitred  til 
the  public  cxceeda  the '  following,  either  in  finrjplicilfy,  cheap- 
ndi,  or  facility  in  working ;  and  it  might,  perhaps,  witk  a  fe# 
trifling  additions,  be  made  exceedingly  diftind.  It  is  thus  66* 
fcribed  in  the  Riptrtory  of  Arts  and  Manufactures  •  for  a  noc^i 
tnmal  telegraph,  let  there  be  four  large  patent  rcfledprs,  lying 
on  the  fame  plane,  parallel  fo  the  horizon,  placed  on  the  top  oi 
an  obfervatory.  Let  each  of  thcfc  refledors  be  capaUe,  h^ 
means  of  two  winches,  either  of  elevation  or  depreifion  to  % 
certain  degree.  By  elevating  or  depreiBng  one  or  two  of  the  t6. 
flcdors,  eighteen  very  diftindl  arrangeitients  may  be  prodaced,' 
as  the  following  fcheme  will  explain.  v 
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For  the  fake  of  example;  the  abbv*  arrangements 'irt*  i^ade' 
to  anf^er  to  the  moft  neccflary  letters  of  the  alphj^btet;  Utrt  al^' 
tetations  ma]|r  be  made  at  ^ill,  and  a  ^i^fcaternumbcrof  cKa^^^ 
produced,  without  any  addition  to  the  feil^6lors.  In  the  <ir(i' 
obfervatdfy  there  heed  only  be  a  fetttf  fingMreflcadrs  ( -KUt 
ift  the  others  each  refltaor  ftiould  be  dcJuWe/ftai  %  face' 
both  th^ 'preceding  and  fubfc^uefrtt  Obfervatory  f  and  each  W- 
fervatory  fliOuld  be  famifli^d  wirhirVtro  tellefcopes/  The-fyfo^' 
dhnfieter  of  the  teitei£iorsj  avid  th«ti^  df ftarice  f rotli  l^idi  ^^h^; 
will  be  afcertained  by  experience ;  and  it  muft  he  obfervedi  that 
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odi  leftAofj  after  Cray  aim^cmenty  mnft  be  icflored  to  m 


To  coPTCft  diif  macbiiie  Into  a  dionial  tclcgr^ihy  notliing 
H  neccStrj  dian  to  infert,  in  the  place  of  the  reficdon, 
pit  balls  or  any  other  confpicnoiis  bodies. 

Since  diefe  inTentioos  were  made  pab^k,  telegraphs  have 
been  brought  to  fo  ^ear  a  iegrec  cf  pertedicny  that  thej  now 
toofcf  infonnaticn  fpeediij  and  diXmciij^  and  are  fo  much 
limplified,  that  ibej  can  be  conftniclcd  and  maintained  at  littk 
^  expence.  The  adrantages  too  which  refuk  from  their  ufe  are 
'almoA  iaconceirable.  Not  to  fpeak  of  the  fpeed  with  which  io- 
iormation  is  commtinlcated  and  orders  given  in  time  of  war,  bf 
neassof  them,  *he  whcde  kingdom  could  be  prepared  in  an  in- 
llant  to  oppofe  an  inrading  enemy.  A  telegraph  might  be  aUb 
n(cd  by  commercial  men  to  convey  a  commillion  cheaper  and 
Ipeedier  than  an  exprcfs  can  tnrrel.  An  eftabiifliment  of  tele- 
graptu  might  be  made  like  that  of  die  poft  |  and  inftead  of  being 
an  expencCy  it  would  produce  a  rerenoe.  Something  of  this 
kind  has  lately  been  fct  up  to  facilitate  die  intercouric  between 
Norwich  and  Yarmouth. 

THERMOMETER,  an  inftmment  for  meafnring  the  de* 
gree  of  heat  or  cold  in  any  body.  The  thermometer  was  in- 
irented  about  the  beginning  of  the  ijtfa  century ;  but,  IBec  many 
«»dier  ttficfol  inTentionSy  it  has  been  foond  impolEbk  to  a&er- 
tasn  to  whom  the  honour  of  it  belongs. 

The  fifft  form  of  this  inftmment  for  meafuring  die  degrees 
tf  heat  and  eoM  was  the  air-thermometer.  It  b  a  weQ-known 
faA  that  air  expands  with  heat  fo  as  to  occupy  more  fpace 
than  it  does  when  cold,  and  that  it  is  condenfed  by  cold  fo 
as  to  occupy  lefs  fpacedun  irfien  wanned,  and  that  this  expan* 
^on  and  condenfation  is  peafer  or  Ids  according  to  the  de- 
gree of  heat  or  cold  applied.  The  principle  then  on  which, 
the  air-thermometer  was  conilrufted  is  rery  fimple.  The  air 
was  confined  in  a  tube  by  means  of  fome  coloured  liquor ;  the 
fiquor  rofc  or  fell  according  as  the  air  became  expanded  or  con- 
denfed. 

This  inftrtunent  was  extremely  dcfe£Uve :  for  the  air  in  the 
tube  was  not  only  afft^ted  by  the  heat  and  cold  of  the  atmo- 
fphercy  but  alfo  by  its  weight. 

The  air  being  round  improper  for  meafnring  with  accuracy 

the  yariatiotts  of  heat  and  cold  according  to  the  fpfin  of  the 

thern>ometer  which  was  firft  adopted,  another  fluid  was  pro- 

'  pofed  about  the  middle  of  the  17  th  century  by  the  Florentine 

academy.    This  fluid  was  fpirit  of  ^ine,  or  alcohol,  as  it  ia 

[   now  generally  named.    Tlie  alcohol  being  coloured,  was  in- 

'  "clofed  lA  a  rery  fine  cylmdric^  gb&  tube  prcvioufly  ex&iuft^ 


iof  it9  avr,  having  a  hollow  hall  at  the  lower  end,  aod^hf rmi^i* 
cally  fealed  at  die  other  end.  The  ball  and  tube  arc  hlled  with 
rp£iified  fplrit  of  wine  to  a  convenient  height*  when  thf;  .wea- 
ther is  of  a  mean  temperature,  which  may  be  done  by  iavqrting 
the  tube  into  a  vefTel  of  ftagnant  coloured  fpirit»  under  a  ,re*. 
ccivcr  of  the  air-pump,  or  in  any  other  way.  When  the  thcr- 
inometer  is  properly  tilled^  the  upper  end  is  heated  red-hot  by(  a 
lamp,  and  then  hermetically  fealed,  leaving  the  included  air  of 
about  j-  of  its  natural  deiiiityr  to  prevent  the  air  which  i«  in  the 
fpirit  from  dividing  it  in  its  expanfion.  To  the  tube  is  ;3ppli^d^ 
a  £cale,  divided  from  the  middle  into  200  equal  parts^.  iip^9rardt 
and  downwards. 

As  fpirit  of  wine  is  capable  of  a  very  confiderable.  degree  of 
rarefaction  and  condenfation  by  heat  and  cold,  when  thie  h^at 
of  the  atmofphere  increafcs  the  fpirit  dilates,  and  confequenUy^ 
riies  in  the  tube  \  and  when  the  heat  decreafes  the  fpirit  de^* 
fcends,  and  the  degree  or  quantity  of  the  motion  is  fhown  by  a 
fcale. 

The  Ipirit  of  wine  thermometer  was  not  fubjed  tp  lqme.of 
the  inconveniences  which  attended  the  air-thermomeier.  ^In 
particular,  it  was  not  affeAed  by  variations  in  the.  wpight  of 
the   atmofphere:  ;accordingly  it  loon  came  into  gqn^al  ufe 

.  among  philofophers.  It  was>  at  ^n  early  period,, inupduced 
into  Briuin  by  Mr.  Boyle.  To  thb  inttrum^n^,  af  then  uied, 
there  are,  however,  many  objcfiions.    The  liquor  wa^  of  dif4 

.  ferent  decrees  of  (trength  *,  and  therefore  different  tubes  filled 
with  it,  when  escpofed  to  the  fame  degree  .o£  hea^,  would  ,D0t 

.  jcorrefpond.  There  was  alfo  another  defeA  i  the  ijcaie  wWk 
was  adjuiled  to  the  thermometer  did  not  commence  ^t  any  Ei^cd. 

,  point.  The  higheil  term  was  adjuiled  to  tlie  great  furj-diine* 
heats  of  Florence,  which  are  too  variable  and  undetermined; 

.  ^d  frequently  the  workman  formed  the  fcale  according  to  his 
own  fancy.     Whil^  the  thermometer  laboured  under  luch  ^if- 

.   advantages  it  could  not  be  of  general  ufe. 

To  c^tain  fome  fised  unalterable  point  by  which  a  de^«> 
mined  fcale  might  be  difcovered^  to  which  all  thermpjneters 
might  be  accurately  adjufted,  was  the  fubjefb  whii^h  n^xt  drew 
the  attention  of  philofophers.  Mr.  Bpyle>  who  feems  at  an 
early  period  to  have  iludied  thisfubjec}:  with  much  aoxie^y^  pjiro* 
jiofed  the  freezing  of  the.eflential  oil  of  annifeeds  ;as  a,qonve« 
nient  point  for  graduating  thermometers.)  but  this  opinioi^^he 
^n  laid  a£de.  .  Or.  Hallcy  ne^t  propped,  th^t  tjbermomo^ers 
ihould.be.  graduated  in  a  deep  pit  under  grpuod>  where  the 
temperature  both  in  winter  and  fummer  ia  pretu  uniform;  and 

-  thauhe  point  to  which  the  (pirit  of  wine  Ihgiilq^tifc  inJfuAa 
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iboiaU  conomescc.  But  thi«  propofal  was  evi^ntly  attend^/}' 
wiib  fuch  inconveniences  that  it  was  foon  abandoned.  He 
madce^perimentt  on  the  boiling  point  of  watei)  of  mercaryi - 
and  of  fpirit  of  wine  \  and  he  feems  rather  to  give  aprefurenco 
to  the  fpirit  of  wine.  He  obje£bed  to  the  freezing  of  water  as 
»  fis€d  pointj  becaufe  he  thought  that  it  admitted  confiderable 
latitude. 

It  £eems  to  have  been  referred  to  the  genius  of  Newton  to 
determine  this  important  point,  on  which  the  accuracy  and  vai- 
Jne  of  the  thermc^ieter  depends.     He  chofe,  as  fixcdy  Ahofe 
poiots  at  which  water  freezes  and  boils ;  tiie  very  points  Nvhich 
the  experiments  of  fucceeding  philofopbers  have  determined  ta. 
be  the .  mod  fixed  and  convenient.     Senijble  of  the  difadvaji- 
lages  of  fpirit  of  wine,  he  tried  another  liquor  which  was  ho^. 
nogen^ous  enough^  capable  of  a  confiderable  rarefaAion,  about- 
15  times  greater  than  fpirit  of  wine.     This  was  linfeed  oii     it 
hoLS  not  been  obferved  tofreeze  even  in  very  great  colds,  and  it 
bears  a  heat  about  four  times  that  of  wafer  before  it  boils.  With 
theie  advantages  it  was  made  ufe  of  by  Newton,  who  difcoveri:4 
by  it  the  comparative  degree  of  heat  for  boiling  water,  melting. 
wax,  boiling  fpiiit  of  wine,  and  melting  tin^  beyond  which  it 
do€$  not  appear  that  this  thermometer  was  applied,     i'he  mc-* 
thod  he  vfed  fpr  adju.fting  the  fcale  of  this  oil-thermometer  was 
as  follows:  fuppoOng  the  bulb,  when  immerged  in  thawing 
fnoiw,  to  contain  10,000  parts,  he  found  the  oil  expand  by  the 
heat  of  the  human  foody  fo  as  to  take  up  -^^thmore  fpace,  or 
10,256  fuch  parts ;  and  by  the  heat  of  water  boiling  ibrongly 
10,725  i  and  by  the  heat  oi  melting  tin  1 1,5  j  6.   So  that  reckon*, 
ing'  tfaie  freezing  point  as  a  common  limit  between  heat  and 
C0U9  be  began  his  fcale  there,  marking  it  o,  and  the  heat  of  the 
human  body  he  made  12*;  and  confequently,  the  degrees*  of 
heat  be^ng  proportional    to    the    degrees   of  rarefa&iont    or. 
256:  725  :  :  12  :  34,  this  number  34  will  exprefs  the  heat  of 
boiling  water -,  and  by  the  fame  rule,  72  that  of  melting  tin* 
This  thermometef  was  confiru£led  in  1701. 

To  xhp.  -tpplication  of  oil  as  a  nKaAire  of  heat  and  cold  tbere^ 
are  jnfttpitrabik  objedions.     It  is  fo  vifcid,  that  it  adhered-  u>o 
ftrongly  ,to  th^  fides  of  the  tube.  On  this  account  it  oiceiids  ami 
deijpeodi*  ro^^  ilowly  in-  cafe  of  a  fudden  heat  or  cold.     In  a  fudf  . 
den  coldy  fo^reat  a  proportion  ;iemains  adhenng  to  the  fide^  ofi 
diej^.^  aft^r.  the  rdft  has  fui)fided,  that  the  fuifaca  app^rs. 
low^.than.  th^eorrefpoQdi^g  temperature  of- , the  air^F^quiit^. . 
AnrJ>oii7tl|eriftQ!«ftt<!r  i*  ihtjrcfbr^.not  a  projNer  tn^rfuf^fll.iwati 
and  cold.  "     .  ».       -  •  .        '.         i»  ;.  / 

Mj*9*  tbefn?o<^^e;:9  hJih^rio  jtropofei'M^^.  liable  to  mwyi 
i°Gyuy$mf:n$^9i,.i(9<^;<;^uld!pot.b^€oiifideacd  9%;ejMfii  iUasb^fdft. 


fetpoifieing  out  tire  various  degrees  of  tempcwture.    This  Ie<l 
Reaumur  to  attempt  a  new  one,  an  account  of  which  wm 
]>ttbiifhed  in  the  year  1730,  in  the  Memoirs  of  the  Academy  of 
Sciences.    This  thermometer  was  made  with  fpirit  of  wirtc^'  - 
He  took  a  large  ball  and  tube,  the  dimendons  and  capacities  of  - 
which  were  known :  he  then  graduated  the  tube,  fo  that  th^  ^ 
fpace  from  one  divifion  to  another  might  contain  loooth  part' 
of  the  liquor}  the  liquor  containing  looo  parts  when  it  ftooi 
at  the  freezing  point.     He  adjufted  the  thermometer  to  tfie 
freezing  point  by  an  artificial  congelation  of  water :  then  put- 
ting the  ball  of  his  thermometer  and  part  of  the  tube  into  boil- 
iag  water,  he  obferved  whether  it  rofe  80  divifions:  if  it  ex- 
ceeded thefe,  be  changed  his  liquor>  and  by  adding  water,  low« 
ered  it,  till  upon  trial  it  {liquid  juft  rife  80  divifions  5  or  if  the 
liquor,  being  too  low,  fell  (hort  of  80  divifions,  he  raifed  it  by 
adding  redlfied  fpirit  to  it.  The  liquor  thus  prepared  fulted  his 
purpofe,  and  ferved  for  making  a  thermometer  of  any  (ize,- 
whofe  fcale  would  agree  with  his  (landard. 

This  thermometer  was  far  from^  being  perfeft.  As  the  bulbs* 
were  three  or  four  inches*  in  diameter,  the  furrpunding '  ice 
would  be  melted  before  its  temperature  could  be  propagated  to* 
the  whole  fpirits  in  the  bulb,  and  confequently  the'  freezing 
point  would  be  marked  higher  than  it  flaould  be.  Dn  Maf tin6 
accordingly  found,  that  inftead  of  coinciding  with  the'  3tzd 
degree  of  Fahrenheit,  it  correfponded  with  the  34th,  or  a  poinlc 
a  little  above  it.  Reaumur  committed  a  miftake  alfo  refpeciitig 
the  boiling  point;  for  he  thought  that  the  fpirit  of  wtne, 
whether  weak  or  ftrong,  when  immerged  in  boiKrig  water, 
received  the  fame  degree  of  licat  with  the  boiling  water. '  Bo^ 
k  is  well  known  that  highly-reSified  fpirit  of  wine  cailnot  be 
heated  much  beyond  the  175th  degree  of  Fahrenheit,  whiltf 
boiling  water  raifes  the  quickfilver  37  degrees  higher.  '  Thcrfe 
is  another  thermometer  tnat  goes  by  the  name  of  Reaumur^s^ 
which  (bail  be  afterwards  defcribed. 

At  length  a  different  fluid  was  propofed,  by  which  rtiermo- 
meters  could  be  made  free  from  mod  of  the  def^A^  hithertd 
mentioned.  This  fluid  was  mercury,  and  feems  fit^  to  have 
occurred  to  Dr.  Halley  in  the  laft  century  ;  but  was  tiot  adopted 
by  hiin>  on  account  of  its  having  a  fmaller  degree  of  i?icpat)iibittty 
than  the  other  fluids  ufed  at  that  time.  Boerhaal^e  fays  that 
the  mercurial  thermometer  was  firil  conftruded  by  Olaiis 
Roemer  1  hu%  the  honour  of  this  invention  is  generally  given  t6 
Fahr«RBh^t  of  Am^erd^km,  who  prefented  an  acootmt  of  h  t6 
the  Ropl  Society  of  London  in  1724.  *  ^ 

Mkvcury  is  far  fup«rior  to  alcohol  and  orl,  and  ib  mudi  ih6ri 
m^ttgoabk  dian  air.    x.  Ad  far  at.  thd  cxjferitaiekiu  utt^ady 
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made  can  determine^  it  is  of'  all  f lie  Mid»  hitherto  ertn^dyed  ift 
the  conftru£lion  of  thermometers  that  which  meafures  moft^ 
tx^Stly  equal  differences  of  heat  by  equal  differences  of  its  bulk : 
its  dilatations   are   in   hOt   very   nearly  proponional  to  tfie 
anigmentations  of  heat  applied  to  i(.    2.  Of  all  liquids  it  is  the' 
moft  eafily  freed  from  air.  3.  It  is  fitted  to  meafute  high  degrees' 
of  heat  and  cold.     It  faftains  a  heat  of  600^  ol  Fsdirenheit's' 
fcale,  and  does  not  congeal  till  it  falls  39  or  40  degrees  below  o. 
4.  It  is  the  moft  fenfible  of  any  fluid  to  heat  and  c6ld,  even  air 
not  excepted.    Count  Rumford  found  that  mercury  was  heated 
from  the  freesffig  to  the  boiling  point  in  58  feconds,  whiles 
water  took  two  miftut^s  13  feconds,  and  common  air  10  mti^jsM 
and  1 7  feconds.  5 .  Mercury  Is  a  homogeaeo«M  fluid,  and  eierf 
portion  oi  it  is  Equally  dilated  Or  cotttraded  by  equal  rniations 
of  heat.   Any'  one  thermometer  made  of  pure  mercuiy  is»  emtms 
paribus^  pofTelTed  of  Ae  fame  properties  with  every  other  then^ 
mometer  made  of  pure  mercury.     Its  power  of  expanfion  is 
indeed  about  fix  times  lefs  than  mat  of  fpirit  of  wine^  but  it  id 
great  enough  to  anfwer  moft  of  the  purpdfea  for  which  a  ther- 
mometer is  wanted.   * 

The  fixed  points  which  are  now  univerfklly  chofen  for  ad- 

jufting  thermometers  to  a  flf^Ic,  and  to  one  another,  are  riie 

boiling  and  freezing  water  points.    The  boiling  water  point,  it 

is  well  knowni  is  not  an  invariable  point,  but  varies  fome  deereea 

according  to  the  w^ght  and  temperature  of  the^atmofpnere* 

In  an  exhaufted  receiver,  water  will  boil  with  a  heat  of  98"*  or 

loo"" ;  whereas  in  Papan's  digefter  it  wfll  acquire  a  heat  014 12*. 

Hence  it  appears  diatwat^  win  boil  at  a  lower  point,  according 

to  its  height  in  the  atmofphete,  or  to  the  weight  of  the  column 

of  air ,  which  prefles  upqn  it.     In  order  to  enfure  uniformity 

therefore  in  the  condtufbion  of  thermometers,  it' is  now  iigi^ed 

that  the  bulb  of  the  tube  hb  ptm^ged  in  the  water  when  it  boBt 

violently,  the  barometer  ftanding  at  30  Engltfl)  itiche»f which 

is  its  mean  height  round  L<^dba;,  and  the  tempet^ture'  ^  tte 

atmofphcre  55  .     A  thermometer  made  iii  this  tfiray,  w^  i(» 

boiling  point  at  2 1 2^  is  called  by  Df .  Horfley  BirtPs  FohrmMfi 

hecauic  IVIr.  Bird  was  the  iirft  ^tlbn  who  attended  to  iihe'ftM^ 

of  the  harometer  in  conftruAing  tfiermdm^era.  '      ^  >  ^ 

^  'As  airtifts  may  be  often  obliged  to  afljuft  thermomeflfrrt'MidieV 

very  different  preffures  of  die  atmoFphere,  phil6fopliaril  In^ 

beep  at  jpains  to  difcover  a  j^eneral  rule  #Iiich'mi^f  be  jippfKed 

on  air  b'qcafions.     M.  de  Luc,  iri'^his  Recbfrehe^  furies  Mhi.  A 

f  Atmtffpherey  has  given,  froma'  feties  of  experiments,  art  equatioa 

for  the  allowance  on  account  of  this  difference,  in  Paris  meafuTe| 

which  has  been  verified  by  Sir  George  Schuckburgh ;  aHb  Dt: 

llorlley,  Dr.  Ma&clynC|  and  Sir  George  Schuckborgh,.  faiv« 


Tbermtmdert', 
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adapted  the  equation  and  rules  to  Endifli  meafures,  and  have 
t«duoedlhe  allowances  into  tables  for  the  ufe  of  the  artiil*  Dr« 
Horfley'ft  Tiik^  deduced  from  De  Lug's,  i^  this : 

899000JQ  log:  2-9i'«d4i=*. 

where  h  denote!  the  height  of  a  thermometer  plunged  in  boSio^ 
vater,  above  the  point  i>f  melting  ice,  in.dqgreas  €i  BirdV 
Vahrtinhek,  and  2.  the  hfii^t  of  -the  bfooyieter:  in  K^ths  of  ati 
inch.  From  this  mleihehas  computed  ^f allowing  table  for 
finding  the  hei&hts  10  whiih  a  ^ood  Bird*»  Fahrenheit  will  rife 
when  plunged  in  boiling  wtiter,  m  all  ft»te$.of  the  barometer* 
finomi27  to  31  Eoglifli  inches  i  tifhidi  yn\\  ferve,  among  other 
iifes,:to  dire£i:  inUnunent^makers  in  making  a  true  allowance 
for  the  tStSt  of  the  variation  of  the  bfiroQieteri  if  they  Oiould 
be  obliged  to  fini{h  a  thermometer  at  a  time  whe|i  the  barometer 
is  abcnre  or  below  30  inches ;  though  it  isbeft  to  fi«  the  boiling 
point  wfaca  the  baibmeter'  is  at  that  hdighu 

Squaiton  of  the  B^Ung  Point. 


roihetcr. 

-  Equattoih. 

JI-O 

+  i'S7 

50-5 

+  o'79. 

30-0 

0.90 

29-5 

—A  o'8o 

29*0 

—  1-62 

285 

—  2:45 

a8-o  . 

—  3-3« 

27-5 

— ,4'>^ 

27-0 

5-°4  . 

Diiference. 

•  €'7ir 

0-79 
0-80 
'  o*8a 
-0*83 
0*85 
o'86 


f  ■  1    HI 


LJ 

lilt  irf 


The  numbers  in  the  firft  ,coIinnn  of  this  table  exprcrs  lieights 
of  the  quickfilver  in  the  barometer  in  Englifli  inches  and 
decimal  parts :  the  fecond  column  .ihows  tne, equation  to  be 
a^polted,  according  to  the  fign  prefiijped.  t^  2ix'  of.BirdU 
Fanrenheit>  to  find  the  true  boiling  point  lox  every  fuch  ilate  ot 
the  barometer.  The  boiling  point  for  all  intermeciiate  ftates  o^ 
ihe  barometer  may  be  had  yrith  fui&cient  accuracy/  by  takin|; 
propottional  parts^  by  means  of  die  third  column  of  difi^rences 
KS.ftk^  equation.  'Sec  Phil  franf,  Ixiv.  art.  30.  j  alfo  Dr. 
Maflcelyne's  Paper^  vol.  lxiv«  aru  20. 

•  Sir  George  SchucJ^rgh  alfo  has  giv^n  the  following  general 
I^Me  for. the  ufe  of  artifts  in.  cooftruQiug  the  thermopicter,  both 
a^prding $0 his  ON^^n  ^bff nations  and mofeof  Mf  de  Luc* 


•      V 


(  . 


.» * 
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Height  of  the 
Barometer. 

1 

Conect.oftkM 
boiHng  point. 

to  M.  de  toe. 

A^V^^^WvWk^^p  * 

%6'o 
26's 

ay-o 

28-0 
28'5 
i9'o 

Z9'5 
30*0 

JO'S 
31-0 

0 

—7*09 

—  6i8 

--5'«7 

—  437 

—  348 

—  as9 

—  174 

—  o'8s 

O'OO 

•f  o-8s 
+  rtf9 

•91 

•9« 
•90 

•89 

•89 

•87 

•87 
•8s 
•8s 
•84 

• 

—  6'9i 

—  5-04 

—  4'i6 

—  3'3« 

—  r4S 

—  I'tfa 

—  o'8o 
©•oo 

+  0-79 

+  I-S7 

•90 

•89 

•88 

•87 
•86 

•83 

•8a 
•80 

•79 

•7« 

Tbe  Royal  Society,  fully  apprifed  of  the  Importance  of 
a^ufting  the  fixed  points  oiF  thermometers,  appointed  a  com« 
mtttee  of  feven  gentlemen  to  confider  of  the  beft  method  for 
thia  purpofe ;  and  their  report  ia  publiflied  in  the  PhiL  Tranf. 
voL  txTiL  part  ii.  art*  37* 

They  obfervedi  that  though  the  boiling  point' be  placed  fo 
much  higher  on  iiMne  of  the  thermometers  now  made  than  on 
odiers,  yet  thia  does  not  producae  any  confiderable  error  in  the 
obfervations  of  the  weather,  at  lean  in  this  climate  s  for  an 
error  of  i^**  in  the  pofition  of  the  boiling  point  will  make  an 
error  only  of  half  a  degree  ii^  the  pofition  of  02%  and  of  not 
move  than  a  quarter  o(  a  degree  in*  the  point  of62*.  It  is  only 
in  nice  experiments,  or  in  trying  the  heat  of  hot  liquors,  that 
thia  error  in  the  boiling  point  can  be  of  much  importance. 

In  adjufting  the  freezing  as  well  as  the  boiling  point,  die. 
quickfilver  in  me  tube  ought  to  be  kept  of  the  fame  heat  aa  that 
in  the  bail.  When  the  freezing  point  is  placed  at  a  con^ 
iderable  diftance  from  the  ball,  the  pounded  ice  fliould  be  i»led 
to  fttch  a  height  above  the  ball»  that  the  error  which  can  ariJe. 
from  the  ^ckfilver  ia  the  remaining  part  of  the  tube,  not  bdo^ 
heated  equally  with  that  ia  the  ball,  (hall  be  very  fjnall>  or  dbc 
ob&rved  ^oint  muft  be  correCied  <m  dkat  account  accordia^  la' 
the  following  table : 


i^^mmttiu,  *: 


Heat  of  the  Air. 


42^ 

72 

82 


CoiKCtioit. 


T— ^ 


•00087 
•00174 
•00261 
•09348  . 

I    'QQ43S  _ 


%e  corre&ion  in  this  table  is  cxpreifed  in  1 060th  parts  of  tlie 
diftance  between  the  freezing  point  and  the  furface  of  the  ice : 
t.  gl  if  the  freezing  point  (lands  ftven  irtohfts  above  the  furface 
oF  tlie  ice,  and  the  heat  of  the  rooi^i  is  62,  the  point  of  32^  fhould 
be  placed  7  x  '00261,  or  '018  of  an  inch  loWet  than  the  ob- 
ienred!point*     A  diagonal  fcale  will  facilitate  this  corrcfiion. 

Thd  committee  oefervc,  that  in  trying  the'  heat  of  l(quors» 
care  ffiould  be  taken  that  the  quickfilvct  in  the  tube  of  the 
thermometer  be  heated  to  the  fame  degree  as  that  in  the  ball ; 
oVif  this  ciMUiot  be  done  conveniently,  the  obferred  heat  (houQ 
be,  Gonrefbed  on  that  account  \  for  tM  manner  of  doing  which > 
and  a  table  calculated  for  this  purpofe,  we  muft  refer  to  their 
excellent  report  in  the  FiuL  Tranf.  to}.  IxTtt.  part  ii.  art.  37^ 

With  regard  to  the  choice  of  tubes,  they  ought  to  be  exa^ly 
cylin<lricaL  But  though  the  dian^eter  (hoold  vacy  a  littlei  ic  l<s 
eafy  x»  manage  that  matter  in  die  manner  propc^ed  by  the 
Abbe  NoUeti  by  making  a  fmall  portion  of  the  (juickfilTer,  ^.  g^ 
as  ^uch  as  fills  up  an  inch  or  half  an  inch,  Aide  backward  and 
foi^ward  in  the  tube ;  and  thus  to  find  the  proportions  of  all  ita 
inequaHties,  and  from  thence  to  adjiift  the  divtfions'toa  fcale  o£ 
theicrooft  pctfed  equality.  The. capillary  tubes  are  prcferihle 
to  others,. becaufe  they  require  foiaUer'buibs,  and  they  are  alfo 
n^ore  fenfible,  and  Icia  brittle*  The  moil  eonvenicnt  fiee  for 
con^iinon  experiments  has  the  internal  diameter  about  the  40th 
ot  50th  of  an  inch,,  about  9  inches  long,  and  made  of  thin  giiif$# 
that  the  rife  and  foil  of  the  mercury  may  be  better  feen. 

It.i^.commoiily  obfei^ed  of  thermometers,  th^t  upon  equal 
au^entfttioiys  and  diminutions  of  heat  diey  feldom  vary 
equally^  tiioUgh  they  are  filled  with  the  £ame  liquor*  To 
accei^t  for  tbb  circumftande  it  fiiodld  be.recoUeAed  that  the 
variati^o.  3qC  ?^  .ctbermometer  is  cGrafthf  as  *the  capacity  of  the 
ball,  and  inverfely  as  the  bafe  of  the  item.  Thus,  if  tbcre.be 
two  mercurial  thermometers,  for  example,  and  we  call  the 
capacites  of  the  balls  C  and  Cy  and  the  bafes  of  the  ftems  B 
smd  b^  the  variations  will  be  as  C  to  c  dire^ly,  and  as  B  to  ^  ili- 

verfely,  or  at  5  to  jr.    Confcquently  tiie  iFatiatioos  will  a9t  be. 
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equaIinthofethenrlpme«ertunkss^==4-'  ^^d  this  cannot  6e 

the  cafe  unlefs  C  :  r  :  :  B  :  ^ ;  therefore,  to  render  the  variation* 
in  the  two  thermometers  equal,  the  capacities  of  their  ball» 
muft  be  to  each  other  as  tbe  bafes  of  their  cylindrical  ftems. 

The .  next  thing  to  be  cOnfidcredi  is  of  what  number  of 
degrees  or  divifions  the  fcate  ought  to  Confif^,  and  from  what 
point  it  ought  to  commence.  As  the  number  of  the-divifipnsr 
of  the  fcale  is  an  arbitrary  matter,  the  fcales  which  have  bcea 
employed  differ  much  from  one  another  in  this  circumCtance. 
Fahrenheit  has  made  i8o  degrees^  between  the  freezing  and 
bpiling  water  point.  Amontons  made  73^  and  Sir  Ifaac  Newton 
only  34.  There  is,  however,  one  general  maxim ^  which  ovght 
to  be  ohttrvtdi:That  fuch  an  curithmeticaf  number  jlxuld  he  chojen 
as  can  eaftly  be  divided  and  fuhdividedy  and  that  the  number  of" 
divtjmis  JImild  he  fo  great  that  there  Jhqil  feldom  be  occafton  fqr 
/rations.  The  number  8.0  chofen  by  Reaumur  anfwcrs  ex- 
tremely well  in  this  refpeS,  becaufe  it  can  be  divided  by  feveral 
figures  without  leaving  a  remainder ;  but  it  is  too  fmall  9 
number:  the  confcquence  of  which  is,,  that  the  degrees  are 
placed  at  too  great  a  di(lance  from,  ooe  mother,  and  fradlion^ 
niuft  therefore  be  often  employed.  We  think,  therefore,  that 
160  would  have  been  a  more  convenient  number.  Fahrenheit's- 
number  180  is  large  enough;  but  when  divided  its  quotient  foon 
becomes  an  odd  number. 

As  to  the  point  at;  which  the  fcale  ought  to  commence,. 
various  opinions  have  been  entertained.  If  we  knew  the  be- 
ginning or  lowed  degree  of  heat,  all  philofophers  would  agree 
that  the  loweft  point  of  the  thermometer  ought  to  be  fixed 
tl^ere  ;  but  we  kiiow  rielthei:  the  lowed  nor  the  higheft  degrees* 
of  heat  ;  we  obferve  only  thje  intermediate  parts.  All  that  we 
can  do,  then,  is  to  begin  it;  at  fpme  invariable  point,  to  which 
thermometers  made  in  different  places  may  eafily  be  adjuded. 
If  poffible,  too,  it  ought  to  be  a  point  at  which  a  natural  well- 
l<uown  body  receives  fome  remarkable  change  from  the  effcfld- 
of  heat  or  cold.  Fahrenheit  began  his  fcale  at  the  point  at 
which  fnow  and  fait  congeal.  Kirwan  propoTes  the  freezing 
point  of  mercury.  Sir  Ifaac  Newton,  Haksj  and  Reaurtiur, 
adopted  the  freezing  point  of  w^ter.  The  objef^ion  to  Fahren* 
hell's  lowed  point  is,  that  it  commences  at  an  artificial  cold 
never  known  in  nature,  and  tq  which  we  cannot  refer  our 
feelings,  for  it  is  what  few  can  ever  experience.  Tliisre  >yould' 
be  feveral  great  advantages  gained,  we  allow,  by  adopting  the 
freezing  point  of  mercury.  It  is  the  lowdff  degree  of  cold  to 
viBhioli  naiwufy  gan  ^e^  applied.  a$  ^  nieafpi^j  and.  ijt.  woi^ld 
render  unnecefiary  the  ufe  of  the  figns  plus  and  minus,  and  the: 


k'iXttifiim  of  ^e  fcale  below  o.  Birt  we  ds^St  to  it,  ttia!  it^s 
liot  a  point  weli  known  )  for  few,  comparatively  fpeaking,  whd 
ufe  ther moinetersj  can  have  an  opportunity  of  feeing  mercury 
tongealed.  As  to  the  other  advantage  to  be  gained  by  adopting 
the  freeziiig  point  of  merctfry^  riamdy^  the  abolition  of  negatird 
aumberSy  we  do  not  think  it  would  cottntetbahince  the  adrantagtf 
to  be  enjoyed  by  ttfing  a  well-known  point.  Befides^  it  rttzf 
fee  a&ed,  Is  there  not  a  propriety  in  ufing  negative  .numbers  to 
txprefs  the  degree  of  cold,  which  is  a  negative  thing  ?  Heat  aA<t 
told  we  can  only  judge  of  by  our  feelings :  the  point  then  af 
which  the  (cale  ihould  commence^  ought  to  be  a  point  virhich 
can  form  to  us  a  ftandard  of  heat  and  col<) ;  a  point  familiar  to 
US  from  being  o«ie  of , the  moft  remarkable  that  occurs  iri  nature*, 
and  therefore  a  point  to  which  we  can  with  fhoft  clearnefs  and 

Eccifiofi  refer  in  oiir  nrinds  en  all  occafions^  This  -is  die 
Bezing  pcrint  of  watef  chofeti  by  Sir  Ifaae  Newtoi,  which  of 
fttt  the  general  changes  produced  in  nattire  by  cold  is  the  moft 
remarkable.  It  is  therefore  the  moft  convenient  point  lor  th^ 
thermometers  to  be  ufed  ill  the  temperate  and  frigid  zones,  or 
^e  may  fcqr  c^enr  the  gfob#»  for  even  in  the  hottefl:  countries  of 
ihe  tortid  zon6  many  of  the  mountains  are  perpetually  covered 
^ithfnow. 

Having  HoW  explained  tti^  principled  of  the  thermometer  as 
&lly  as  aj^peats  HeceiTary  ii^  ordey  to  make  it  properly  under- 
ftood,  we  will  here  fubjoin  an  account  of  thofe  diermometers 
^hich  are  at  prefeilt  in  moft  general  ufe.  Thefe  are  Fahren- 
heit*§9  ^e  rifle's,  Reaumur^Si  and  Celfius^s*  Fahrenheit's  is 
isifed  in  Britain,  De  PIfle's  in  Ruffia,  Reaumur's  in  France,  and 
Cellius's  in  Sweden.    They  are  all  mercurial  thermometers.. 

Fahrenheit's  thermometer  confifts  of  a  flender  cylindrical 
tube  and  a  fmall  longitudinal  bulb.  To  the  fide  of  the  tube  ia 
annexed  a  fcale  which  Fahrenheit  divided  into  600  parts, 
beginning  with  that  of  the  fevere  cold  which  he  had  obferved  in 
Iceland  in  1709,  or  that  produced  by  furrounding  the  bulb  of 
the  thermometer  with  a  mixtuipe  of  fnow  or  beaten  ice  and  fal 
ammoniac  or  fea  fait*  This  he  apprehended  to  be  the  grcateft 
degree  of  cold,  and  accordingly  he  marked  ir,  as  the  beginning 
of  his  fcale,  with  o ;  the  point  at  which  mercury  begins  to  boil, 
he  concehred  to  (hew  tbe  greateft  degree  of  heat,  and  this  he 
made  the  limit  of  his  fcale.    The  diftance  between  thefc  two' 

E bints  he  cUvided  into  600  equal  parts  or  degrees ;  and  by  trials, 
e  found  diat  the  mercury  ftood  at  32  of  thefe  divifions,  when 
Water  juft  begins  to  freeze,  or  fnow  or  ice  juft  begins  to  thaw  ; 
it  was  therefore  called  the  degree  of  the  freezing  point.  When' 
the  tube  was  immerfed  in  boiling  water,  the  mercury  rofe  to 
a  1 2,  which  therefore  is  the  boiling  point,  and  is  juft  180  degree? 
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above  tKe  former  or  frecaing-  point.  But  the  prefen^ method  of 
m&king  the  fcale  of  thefe  thermometers,  which  ia  the  fort  ii» 
moil  common  ufe,  is  firft  to  immerge  the  buib  of  the  thermo-* 
meter  in  ice  or  fnow  juft  beginning  to  thaw,  and  mark  the  place 
where  the  mercury  Hands  with  a  32  ;  Uien  immerge  it  in  boiling 
water,  and  again  mark  the  place  where  the  aercury  ftands  in 
the  tube,  with  the  num.  aia,  exceeding  the  former  b)[  1^0  > 
dividing  therefore  the  intermediate  fpace  into  i  db  equal  parts, 
will  give  the  fcale  of  the  thermometer ;  which  may  a&erward» 
be  continued  Upwards  and  downwards  at  pleafure. 

Other  thermometers  of  a  fimilac  conftru£lion  have  beetr 
accommodated  to  common  ufe,  having  but  a  portion  of  tho 
above  fcale.  lliey  have  been  made  of  a  fmall  fize  and  portable 
form,  and  adapted  with  appendages  to  particular  purppies ;  and 
the  tube  with  its  annexed  fcale  has  often  been  enclofed  in 
another  thicker  glafs^tube,  alfo  hermetically  fealed,  to  pre&rvc. 
the  thermometer  from  injury.  And  all  thefis  asc  called  Fahturi'^ 
hei^s  thermometers. 

In  i733rM..  De  Tlile  of  Peterfburgh  conftru£^ed  a  mercurial- 
thermometer  on  the  principles  of  Reaumur's  fpirit  thermometer. 
In  his  thermometer,  the  whole  bulk  of  qiuckfilvev^  when  im«- 
merged  in  boiling  water,  is  conceived  to  be  divided  into  ioo,OGa 
parts  ^  and  from  uiis  one  fixed  point  th^  various  degrees  of  heat^ 
either  above  or  below  it,  are  marked  in  thefe  parts  on  the  tub^ 
or  fcale,  by  tlie  various  expanfion  or  contraction  of  the  quick*^ 
(liver,  in  all  imaginable  varieties  of  heat. — Dr.  Maittne  appre* 
hends  it  would  have  been  better  if  Del'Iile  had  made  the  integer. 
I  oOyOco  parts,  or  fixed  point,  at  frbeung  watery  and  from  thence- 
computed  the  dilatations  ok  condenfations  of  the  quickfilver  in# 
iliol'c  parts  \  as  all  the  common  obfervations  of  the  weather.  Sec. 
would  have  been  exprefled  by  numbers  increaiing  as  the  heat* 
incrcafcd,  inflead  of  decreafing,  or  counting  the  contrary  way*. 
lloMCvcr,  in  praftice  it  will  not  be  very  eafy  to  determine 
exactly  all  the  divIHons  from  the  alteration  of  the  hulk  of  the 
contained  jBuid.  And  beGdes,  as  glafs  itfelf  is  dilated  by  heat> 
tliough  in  a  lefs  proportion  than  quick£lver,  it  is  only  the  excefs 
of  the  dilatation  of  the  contained  fluid  above  that  of  the  glafs 
that  is  obferved  ;  and  therefore  if  different  kinds  of  glafs  be 
differently  affefted  by  a  given  degree  of  heat,  this  will  make  a 
fecming  diflerence  in  the  dilatations  of  the  quickdlver  in  the 
thermometers  conftruded  in  the  Newtonian  method^  either  by 
Reaumur's  rule  or  De  rifle's.  Accordingly  it  has  been  found>. 
that  the  quickfilver  in  De  I'lflc's  thermometers  has  flood  at 
dif&rent  degrees  of  the  fcale  when  im merged  in  tha^^ing  fnow  r 
having  flood  in  fome  at  154%  while  in  others  it  has  been  at  i  ^(C 
or  even  I^{$^ 


o 
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;  .  The  tbermorneter  at  prelent  xxStA  An  France  \t  'called  Reau^ 
mur^si  but  it  is  very  different  from  the  one  originally  invented 
hj  Reaumur  in  1730,  and  defcribed  in  the  Memoirs  of  the 
Academy  of  Sciences.  The  one  invented  by  Reaumur  was 
filled  with  fphit  of  wine ;  and  though  its  fcale  was  divided  by 
the  author  into  80  paitSi  of  whieh  o  was  the  freezing  point,  and 
Bo  the  boiling  wa«er-j)oint,  yet  in  fafib  So  was  only  die  boiling 
point  of  the  fpirit  of  wine  that  he  employed,  whidi,  as  Dr. 
Martine  computes,  conrefponded  with  180  of  Fahrenheit.  But 
the  thermometer  now  in  ufe  in  France  is  filled  with  mercury; 
and  the-  boiling  water  point,  which  is  at  80,  correfponds  with 
the  212th  degree  of  Fahrenheit.  The  fcale  indeed  commences 
at  the  freezing  point,  as  the  old  one  did.  The  new  tfaermi>^ 
jneter  ought  more  properly  to  be  called  De  Lu^s  thermometer^ 
for  it  was  firft  made  by  De  Luc ;  and  is  in  izQ,  as  different 
£pom  Reaumur's  as  it  is  from  Sir.Ifaac  Newton's.  When  De 
Luc  had  fixed  the  fcale,  and  finifhed  an  account  of  it,  he  ihewed 
the  manufcript  to  M.  De  la  Condamine.  Condamine  advifed 
him  to  change  the  number  80 ;  remarking,  that  fuch  was  the 
inattention  of  philosophers,  that  they  would  probably  confound  it 
Mrith  Reaumur's.  ,  De  Luc's  modefty,  as  well  as  a  prediledion 
for  the  number  80,  founded,  as  he  thought,  on  philofophical 
reafons,  made  him  decline  following  this  advice.  But  he  found 
hy  experience  that  the  predidion  of  Condamine  was  too  well 
founded. 

The  thermometer  of  Celfius,  which  is  ufed  in  Sweden,  has  si 
fcale  of  100  degrees  from  the  freezing  to  the  boiltng  water 
point. 

Thefe  are  the  principal  thermometers  now  ufed  in  Europe  ; 
and  the  temperatures  indicated  by  any  of  them  may  be  reduced 
into  the  correfponding  degrees  on  anv  of  the  others  by  means  of 
the  following  fimple  theorems ;  in  which  R  fignifies  the  degrees 
on  the  fcale  of  Reaumur,  F  thofe  of  Fahrenheit,  and  S  thofe  of 
the  Swediih  thermometer. 

-I.  To  convert  the  degrees  of  Reaumur  into  thofe  of  Fah* 

renheit;54^+32  =  F. 

,    2.  To  convert  the  degrees  of  Fafanenheit  into  thofe.  of 

•Reaumur  J  ^Ii:|?i^*=R. 

.     3.  To  convert  the  Swediih  degrees  into  thofe  of  Fahrenheit ; 

.    /^.  Tjo  convert  Fahienheit's  into  SwedUjji }  -  ~'    ^'  =S, 
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.  g.  To  wmH  Sw^dUk  d^grpn  into  thofe.  §t  Ramimiv| 

•  6.  To  convert  Reaumur's  degrees  \t^o  St^edilb  ^  -^  r=S. 

To  fttch  leaders  as  are  unacquainted  witfi  the  algebraic  e^« 
preifion  of  arithmetical  formulas,  it  will  be  fufitcient  to  expi'eft| 
one  or  two  of  th€fe  in  words  to  explain  their  ufe* — i.  Multiply 
the  de^e  of  Reaun^ur  by  9,  divide  the  produA  by  4»  and  to 
the  quotient  add  33,  the  film  expreflfes  the  degree  on  the  fcale 
of  Fahrenl^eit.-^2.  From  the  degree  of  Fahwnheit  fu){traft  32^^ 
multiply  the  remainder  by  4,  and  divide  the  produd  by  9,  the 
^otient  is  the  degree  according  to  the  fcale  of  Re&umur,  &c. 

As  in  meteorological  obfervations  it  is  neeeflary  to  attend  to 
the  greatcft  rife  and  f^Uolthe  thermometer,  attempts  have  been 
piade  to  conftru£k  a  fhennoiiietef  which  might  regifter  the 
greateft  degree  of  heat^  or  grette((  degree  of  coldi  imtch  took 
)>lace  during  the  abfeiice  of  the  obferver. 

In  1782  Mr.  Six  pit>ppfed  a  felf-reglftering  thermometer. 
It  is  properly  a  fpirit*of-\^ine  thermometers  though  mercury  i^ 
alfo  employedforfupporting  an  index,  ah  (fig.  10.  pi.  XXXVIJ.) 
is  a  thin  tube  of  elaft  16  inches  long,  and  5«T6th9  of  an  inch 
caliber :  cJ^znd/g  h  are  fmaller  tubes,  about  i-20th  of  an  inch 
paUber.  Thefe  Ihr^  tubes  are  filled  with  highly  redrfied  ^hrit 
of  wine,  except  the  fpace  between  d  and  f,  which  is  filled  witH 
mercury.  As  the  fpirit  of  wine  contraSs  or  expands  in  the 
iniddle  tube,  the  mercury  falls  or  rifes  in  tbe-outfide  tubee. 
An  index,  made  of  thin  wire  with  a  knob,  is  placed  on  th0 
furfaqc,  within  each  of  thefe  tubes,  fo  light  as  to  float  upon  it. 
in  A  fmbll  glafs  tube  3-41IS  of  an  inch  long,  hermetically 
fealed  at  each  end,  and  inclofing  a  piece  of  fleel  wire  nearly  odF 
its  own  length.  At  each  end  /,  m,  of  this  fmaH  tube,  a  fhort 
tube  of  black  g^ft  is  fixed,  of  ibch  a  diameter  as  to  pafs  freely 
yp  and  down  within  either  of  the  outfide  tubes  of  the  thermo- 
meter ^e  or  fK  From  the  upper  end  of  the  index  is  drawn  a 
fpring  of  glafs  to  the  finenefs  of  a  hair,  and  about  5-7ths  of  ai| 
\nc\i  long ;  which  being  placed  a  little  oblique,  prefles  lightly 
ugainft  the  inner  furfoce  oi  the  tube,  alnd  prevents  the  index 
from  dttfcending  when  the  mercury  defcend^.  Thefe  indexei 
being  inferted  one  into  each  of  the  outfide  tubes,  it  is  eafy  to 
underftand  how  they  point  out  the  greateft  heat  xyt  cold  that  has 
happened  in  the  oblerver's  abfence.  When  the  fpirit  of  wine 
jn  the  middle  tube  expands,  it  prefTes  down  the  mercury  in  ihc 
tubeij/,  and  confieauently  raifcs  itin  the  tube  ec:  confequently 
the  index  oa  the  left  ^and  tube  is  left  behind  and  niatkAhci 


gnateft  eoI4»  and  At  ilidcic  ist  tbe  dgh^  iittd  tube  fifes  and 
fnark$  the  greateft  heat. 

In  1790  a  pap^r  was  vrefented  to  the  Royal  Society  of  Edin- 
hurghi  defcribing  twd  thei:0ion[ieteni  newly  invented,  hj  Dr» 
John  Rutherford  of  Middle  Balilifh ;  the  one  for  rdgiftdring  the 
l^igheft  and  the  other  for  teg tfterinig  theioweii  degree  of  heat 
to  which  tbe  therdiooieltr  kas  rifenor  fallen  during  the  abfenoe 
of  the  obfervef.  An  afiedvdt  '<)f  thejH  may  ht  found  in  the 
third  volume  of  the  TranfaiCtions  of  the  Society. 

A  new  felf-regifterisg  thermeoieter  has  more  lately  b^en 
invented  by  Mt^  Keith  of  Raveiftoaei  which  we  confider  as  the 
Aloft  ingenious,  fimple,  and  porfe£ky  of  any  which  has  hitherto 
appeared*  Its  flmpiicity  is  fo  gteat^  that  it  requires  only  a  very 
(hort  defcription  to  make  it  idceltigible.  It  iscpnfUtuted^  firft, 
of  athinglafs  tube  about  fourteen  inches  longi  and  3-4th8  of  an 
inch  ealiberj  clofe  or  hermelicaUy  fealed  at  top.  To  the  lower 
end|  which  is  open^  there  b  joined  a  crooked  gla£s  tube  feven 
inches  long,  and  4-loth8  of  an  inch  cabber,  and  open  at  its 
topj  which,  of  courfe^  is  level  with  the  middle  of  the  firft  tube. 
The  former  tube  is  filled  with  dte  ifatongeft  fpirit  of  wine,  an4 
the  latter  tube  with  mercury.  This  is  protierly  a  fpirit«6f-wine 
thermometdrj  and  the  metcury  is  ufed  merely  |o  fupport  a  piece 
of  ivory  or  glafs,  to  which  is  affixed  a  wire  for  railing  one  index 
or  depreOiog  another,  according  as  the  ftiercury  rcfes  or  fall^. 
There  is  a  fmall  coliical  piece  of  ivory  or  glafs,  of  fuch  a  weight 
as  to  float  on  the  furface  of  the  mereury.  To  the  float.is  joined 
a  wire  called  the  jhat^^irif  which  reathes  upwards,  where  it 
terminates  in  a  knee  bent  at  right  angles.  The  float*wire,  by 
means  of  an  eye  at  its  Atremity,  moves  eafily  along  a  finall 
vertical  harpfioWd  wiire.  There  are  two  indexes  made  erf  dim 
black^iled  filki  which  Aide  upwardtordownWards  with  a  force 
Slot  more  than  two  gnuns*  The  oiie  placed  above  the  knee 
point%  out  the  grcateft  rife,  and  the  one  placed  below  it  points 
out  xh»  greateft  fatt,  of  the  thermometer. 

When  the  inftrvment  is  to  be  piispared  for  an  obfervatioif, 
both  indexes  afe  to  be  bought  cldle  to  the  hnee.  It  is  evident, 
that  when  the  mercury^  rifes,  the  float  and  float-wire,  which 
can  be  moved  with  the  fmalleft  force,  will  be  puflicil  upwards 
till  the  mercury  becomes  itationary.  As  the  knee  of  the  fioaf- 
wire  moves  upwards  it  will  carry  along  with  it  the  upper  index. 
When,  the  mercury  again  Vubfides^  it  leaves  the  index  at  the 
faigheft  point  to  which  it  wts  raifisd^  for  it  will  not  defcend  by 
its  own  weight :  as  thj  mercury  falls,  the  floac-wire  does  the 
fame  ^  it  therefore  brings  aloug  with  it  the  lower  index,  and 
continues  to  deprefs  k  till  tt  again  becomes  ftationary  or  afcends 
in  the  tube  i  iQ  which  cafe  it  kaves  the  lower  index  behind  it  as 
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.it  had  formerly  kft  the  upper. '  The  fealeto  which  the  indexci 
point  is  placed  parallel  to  the  flender  bavpfichord  wire.  That 
-the  fcale  and  indexes  may  not  b^  iiijuved  by  the  wind  and  rain, 
.a  cytindrical  glafs  cover,  dofe  at  top/  and  made  fo  as  exaAly  tp 
-fit,  is  placed  over  it. 

*  The  ingenious  inventor  has  another  improvement^  which,  if 
;upon  trial  it  be  found  to  anfwer,  will  make  this  thermonietei;  as 
per£s£k  as  can  be  defired,  provided  there  do  not  arife  fome  cttotb 
from  t!he  variable  preiTure  of  the  atmofphere.  He  propofes  to 
Adapt  clock*work  to  this  thermometer,  in  fuch  a  way  as  to 
tegtfter  with  the  utmoft  precifion  the  degrees  of  heat  and  cold 
<fbr  every  mondi,  day,  and  minute,  in  the  year.  Aii  account  of 
this  latter  improvement  may  be  feen  in  Nichdfon's  Journal^ 
vol.  iii*  4to  feriss,  or  £din*  Tranfac.  vol.  iv. 

The  common  contrivance  for  a  felf-regiftering  thermometer^ 
'HOW  fold  in  moA  of  the  London  fhops,  confifts  (imply  of  two 
^thermometers,  one  mercorial  and  the  other  of  alcohol  (fig.  4- 
*  .pi.  XXXI. )  having  their  ftems  horizontal :  the  former  has  for 
its  index  a  fmall  bit  of  magnetical  fteel  wire,  and  the  latter  % 
minute  thread  of  glafs,  having  its  two  ends  formed  into  fmall 
knobs  by  fafion  in  the  flame  of  a  candle. 

*  The  magnetical  bit  of  wire  lies  in  the  vacant  fpace  of  the 
jnercutial  thernK>met£r,  and  is  puihed  forward  by  the  mercury 
.whenever  the  tempeHiture  rifes,  and  puihes  that  fluid  againft  it : 
but  w^n  the  temperature  falls  and  the  fluid  retires,  this  index 
is  left  behind,  and  confequently  ihews  the  hiaximum.  The 
nother  index,  or  bit  of  glafs,  lies  in  the  tube  of  the  fptrit  thermo- 
meter knmeried  in  the  alcohol,  and  when  the  fpirit  retires  by 
depreiDon  t>f  temperature,  the  index  is  carried  ateng  with  it  in 
appaicat  conta£l  with  its  interior  furface :  but  on  increafe  of 
temperature  the  fpirit  goes  forward  and  leaves  the  index,  which 
•chereibre  ihews  the  minimum  of  temperature  iince  it  was  fet. 
Jls  thefe  indexes  merely  lie  in  the  tubes,  their  refiftance  to 
motion  is  altogether  inconfiderable.  The  fteel  index  is  brought 
Xo  the  mercury  by  applying  a  magnet  on  the  outiide  of  the 
tube,  and  the  other  i»  duhr  placed  at  the  end  of  the  column  of 
idcohol  by  inelining  the  wnole  inftrument. 

.  Mr.  NichoUbn  explains  the  operation  of  this  inftrument  thus : 
^  When  the  furface  of  the  column  of  fpirit  is  viewed  by  a 
jfnagnifier^  it  is  feen  to  have  the  form  of  a  concave  hemifphere, 
which  ihews  that  the  liquid  is  attracted  by  the  ghfs.,  The 
f  lafs  in  that  place  is  confequently  attra&ed  in  the  oppofite 
dire£tion  by  a  force  equal  to  that  which  is  fo  employed  in  main? 
gaining  that  concave  figure  $  and  if  it  were  at  liberty  to  move,  it 
would  be  drawn  back  till  the  flat  furface  was  reftored.  Let  us 
(uppo^  a  imaU  ftick  or  piece  •£  glafs  to  be  loofc  withit^  thf 
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tube,  and  to  protrude  into  the  racant  fpace  beyond  the  &iface 
vf  the  alcohbl.  Hie  fluid  will  be  attraded  alfo  bj  this  gla^, 
and  form  a  concave  between  its  furface  and  that  of  the  bore  of 
the  tube.  But  the  fmail  interior  piece  being  quite  at  liberty  tt> 
move,  will  be  drawn  towards  the  fpirit  fo  long  as  the  attraftirc 
■force  poflefles  any  afbivity ;  that  is,  fo  long  as*  any  addftion{|t 
fluid  hangs  round  the  glafs ;  or,  in  other  words,  tinttl  the  end 
'of  the  ftick  of  glafs  is  even  with  the  furface.  Whence  it  is 
feen  that  the  fmali  piece  of  glafs  will  be  refitted,  in  any  adion 
that  may  tend  to  protrude  it  beyond  the  furface  of  the  fluids 
and  if  this  refiftance  be  greater  than  the  force  required  to  Aide 
It  along  in  the  tube  (as  in  h&  it  is),  the  ^cce  muft  be  flidtd 
along  as  the  alcohol  contra&s;  fo  as  always  to  keep  the  piece 
within  the  fluid.  And  this  fad  is  accordingly  obferved  to  talce 
|>lace.''    Nich.  Jour.  N.  S.  W.  47. 

Mr.  Leflie,  well  known  for  his  ingenious  **  Experimental 
"Enquiry  into  the  Nature  and  Propagation  of  Heat,"  has  invented 
a  Differential  Thermometer  for  the  meafurement  of  minute  varia- 
tions of  temperature.  It  confifts  of  two  tubes,  each  terminating 
tn  a  fmall  bulb  of  the  fame  dimeniions,  joined  by  the  blow- 
pipe, and  bent  in  the  form  of  a  U,  a  fmall  portion  of 'dsnic 
coloured  liquor  having  previoufly  been  introduced  into  one  of 
the  balls.  After  many  trials,  the  iluid  beft  adapted  to  the 
purpofe  was  found  to  be  a  folution  of  calamine  in  concentrated 
fulphuric  acid.  By  managing  the  included  air  with  the  heat  of 
^he  hand,  this  red  liquor  is  made  to  ftand  at  the  reqnired  point 
^f  the  oppofite  tube.  This  is  the  seroof  a  fcale  fattened  to 
that  tube,  and  divided  into  equal  parts  above  and  below  that 
^oint.  Theinftrument  is  then  fixed  on  a  ftand.  It  is  mamfeli 
that  when  the  liquor  is  at  reft,  or  points  at  zero,  the  cohimn  is 
prefled  in  oppofite  diredions  by  two  portions  of  air  equal  ia 
elafticity,  and  containing  equal  quantities  of  caloric.  Whatever 
heat,  then,  may  be  applied  to  the  whole  inftrument,  provided 
both  bulbs  receive  it  in  the  fame  degree,  the  liqtior  muft  remain 
at  reft.  But  if  the  one  ball  receives  the  flighteft  excefs  of 
temperature,  the  air  which  it  contains  will  be  proportioaally 
expanded,  and  will  pufh  the  liquid  againft  the  air  in  the  other 
«bulb  with  a  force,  varying  as  the  dinerence  between  the  tern- 
tpcratures  of  thofe  two  portions  of  air :  thus  the  equilibriam 
^ill  be  deftroyed,  and  tne  fluid  will  rife  in  the  oppofite  tube. 
The  degrees  />f  the  fcale  through  which  it  pafles  wiU  mark  the 
*fucceflive  augmentations  in  the  temperature  of  the,  ball,  which 
is  expojfed  to  fthe  greateft  heat.  So  that  this  inftniment  is  a 
i>a]ance  of  extreme  delicacy  for  comparing  the  temperatutes  of 
Its  two  fcales. 
•    )r  i3  9  fmall  vadataoo  from  Aia  thermonvster  that  cenftitntes 
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Mr.  Leflte's  Phtomdcr*  Thoie  who  wifli.to  learn  more  of  tK^ 
nature  of  this  latter-mentioned  inftrumenti  may  confult  Mr. 
Leflie's  Treatife  on  Heat|  Nicholfon^s  Journal,  vol.  iii.  4to.  ox 
ibme  acute  remarks  in  the  Edinburgh  Review,  No.  13. 

When  thermometers  are  devifed  to  meafure  very  great  de- 

frees  of  heat,,  they  are  ufuaUy  called  by  another  name.    See 
'YROM1TE&. 

The  thermometer  and  barometer  together  are  very  ufefml  in 
determining  the  altitudet  of  mountains,  &c.  according  to  the 
rules  delivered  in  our  firft  volume,  book  v.  For  this  purpoiCb 
they  are  fixed  in  fuch  a  frame  as  to  be  conveniently  portable, 
^ee  Baromst^R.)  Other  portable  inftruments  by  Mr.  M'Guire 
aal  M.  Humbolt,  which  we  omitted  mentioning  in  that  article, 
are  defccibed,  the  foimer  in  the  Tran£a&ions  of  the  Royal  Iri{K 
Academy  for  17S7,  the  latter  in  Journal  de  Phyfique^  an  7.. 
XHT  Tillocfa's  Philoibphical  Magazine,  No.  15. 

THRASHING  machines,  in  a  country  like  ours,  where 
d^culture  has  been  fo  fucce&fuUy  cultivated,  can  hardly  be 
denied  to  be  of  great  utility  :  for  which  reafon,  although  the£b 
ttaehises  are  not  yet  brought  to  fuch  a  ftate  of  perfe&ion  as  is 
to  be..wiflied,..we  conceive  it  will  tiot  be  improper  to  give  an 
accottnt  of  f«me  of  the  moft  ingenious. 

The  £ril  (hraihing  machine  which  has  cdme  to  oar  know* 
ledgfi  is  that  manufa^ured  in  1732  by  Mr.  Aikbad  Menzies  of 
£dinburgh  :  it  confifted,  as  far  as  we  have  been  able  to  afcer- 
tain,  of  numerous  >inftrnments,  refembling  flails,  which  were 
attached  to  a  moveaUe  beam,  and  inclined  to  the  latter  in  an 
angle  of  ten  degrees*.  Oh  each  fide  of  fuch  beam  were  placed 
floors,  or  benches,  on  which  the  (heaves  were  fpread  ;  the 
flaila  being  moted  forward  and  backward  on  thefe  benches  by  a 
crank  that  was  fixed  tothe  end  of  an  axlcf  revolving  about 
thirty  times  in  a  minute. 

The  .feeond  machine  was  inventedxn  1753  by  Mr.  Michael 
Sterhm  of  DumUaine,  Perthfiiire  ;  his  firit  models  were ''very 
impened  i  but,  after  repeated  alterations,  he  completed  it  in 
its  pvelent  form,  in  I9»5&;  and  it  now  conGfts  of  an  outer,  or 
watep-wheel,  having  an  inner  wheel,  fumifhed  with  forty-eight 
cogs,  and  tiMraipg  on  the  fame  axle.  With  this  cog*-wheel  is 
connedcd  a  vertical  trundle,  or  pinion,  with  feven  notches  ^ 
and  the  axle  of  which  pafies  through  a  fioor  above  the  wheels 
st»  upper  pivot  being  iecured  in  a  beam  fix  inches  above  the 
floor.  At  the  lieight  of  three  feet  three  inches  from  the  bttev, 
two  ftsatght  pieces  of  fquared  wood  (each  being  four  feet  ia 
length)  are  in&rted  through  the  axle  €^  the  pinion,  at*  right 
angles,  fo  as  to  form  four  arms  that  are  moved  round  hoiizoiv- 
taujf.    To  the  end  o£  thefe  arma  are  affixed  four  iron  plates. 


fiacli  twenty  mdies  in  length,  aiid  eight  inches  in  breadth  ;it  the 
^efxtremity  neareft  to  the  arms^  but  tapering  to  a  point  at  the  c^ 
pofite  end3. . 

The  horizontal  fly,  here  defcf  ibed,  conftitnt^s  foMr  thraflier^ 
and  is  inclofed  in  a  cylindricai  wooden  box,  that  is  thfee  and  » 
half  feet  high,  and  eight  feet  in  dtatneter  :  on  the  ton  of  this 
box  is  an  opening  eight  inches  in  width,  extending  a  foot  and 
a  half  from  the  circumference  to  its  centre,  and  through  which 
the  iheaves  of  corn  defcend  \  th«  latter  being  pievioitfly  opened^ 
and  laid  feparately  on  a  board  provided  ^th  two  ledges,  graik 
xlihlly  declining  towards  fuch  port,  or  opening.  Within  thte 
cylindrical  box  there  is  an  inclined  plane,  along  which  thte 
ft'raw  and  grain  fall  into  a  wire^riddle  two  feet  fqsai-e,  "An  h 
placed  immediately  beneath  a  hole  of  a  fimiiar^ze:-- <be  riddk 
is  jerked  at  each  revolution  of  the  fpindle,  by^  means  of  a  kndi 
fixed  on  its  ^de ;  and  is  thruft  backward  by  a  fmali  fpring  iStm. 
preiTes  it  in  a  contrary  diredion.  Thus,  the  fliort  ftriw,  to- 
gether with  the  grain  and  chaff,  that  pafs  through  the  mde 
riddle,  fall  inftantly  into  an  oblong  ftraight  riddle,  one.end  of 
which  iy  raifed,  and  the  other  deprefied,  by  a  iimiJar  cobf* 
trivance.  And,  as  the  riddle  laft-mentioned  is  not  profUeA 
with  a  ledge  at  the  lower  end,  the  long  chaff,  which  camMR: 
pafs  througfaj  drops  thence  to  the  tnound,  while  tlm  grain  and 
Imaller  chaff  defcend  into  a  pair  of  common  barn-fanner^,  and 
are  thus  feparated  with  great  exa&nefs.  Thefe  fanners  ai^ 
moved  by  means  of  a  rope,  that  runs  in  a  ihallow  groove  cut  oa 
the  circumference  of  the  cog(>wkeel.  In  the  mean  din^,  the 
Araw  coUefted  in  the  lower  part  of  the  box  over  the  wid^ 
riddle,  and  through  an  opening  two  feet  and  ar  half  fquate,  is 
drawn  down  to  me  ground  with  a  rake;  by  the  perfoate  etn^ 
ployed  to  form  it  into  trufies.  / 

In  1772  another  thrafliing-machine  was  invented  by  !tfr« 
Alderton  of  Alnwick,  and  Mr.  &mart  of  Wark,  Northamber- 
land.  The  operation  was  performed  by  rubbing :  the  iheav^ 
being  carried  round  between  an  indented  drum  fix  feet  in  Him^ 
met^r,  and  numerous  indented  roHer^  diat  were  avraDged 
rounds  and  attached  to,  this  drum  by  means  of  fprings  \  ib 
that  during  the  revolution  of  the  machinery^  the  com  was  fe« 
parated  from  the  draw  by  conftant  fri£iiott  againft  die  fiittin^ 
of  the  drum.  Sut  this  contrivance  was  foon  difufcd  \  as  many 
grains  were  thus  cruihed  between  the  rollers. 

The  next  invention  is  that  of  Mr.  Jindrevf  Meikh^  in  t^^% 
livho  obtained  a  patent,  which  is  now  expired :  we  have  thero- 
^orc  given  a  plate  (XXXIV),  leprcfcnting  in  fig.  i.  the  p!a*. 
of  elevation;  in  fig.  2^  the  ground  phiA^  and. in    fig.  3*  thft 
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ipflential  parts  of  the  machinery,  fo-ms  to  convey  a  tolerably  ao 
€ur^^  iitA  of  his  prio£ipk« 

A  (fig.  I.  and  2.)  is  a  large  horizontal  fpur- wheel,  which 
has  276  cogs,  and  movea  the  pinion  fi,  haTtcg  fourteen  teeth. 
The  latter  imparts  motion  to  a  crown-wheel,  C,  that  is  pro- 
vided with  eighty-four  cogs,  and  moves  a  Cecond  pinion,  P, 
which  is  fumiihed  with  fixteen  teeth.  This  pinion  D,  turns 
the  drum  H  I  K  L  (fig.  i*  2.  and  3.),  being  a  hollow  cylin- 
der, three  feet  and  a  half  in  diameter,  and  placed  horizontally : 
on  its  outfide  are  fixed,  by  means  of  fcrew-bolts,  four  fcutchers, 
or  pieces  of  wood,  one  fide  of  which  is  faced  with  a  thin  iron 
plate ;  and  which  are  difpofed  at  an  equal  diftance  from  each 
ctheX)  and  at  right  angles  to  the  axis  of  the  drum. 

P  (fig.  2.  and  3.)  is  an  inclined  board,  on  which  the 
iheaves  are  fpread,  and  whence  they  are  introduced  between 
two  fluted  cait*iroa  rollers,  G,  G  (fig.  3.)*  that  are  three  and 
a  half  inches  in  diameter,  and  revolve  about  thirty-five  times  in 
one  minute.  Thefe  rollers  being  only  three-fourths  of  an  inch 
from  the  fcutchcrs  or  .leaves  of  tlie  drum  H  IKL  (fig.  i. 
and  2.),  ferve  to  keep  the  iheavcs  (leady,  while  the  fcutchers 
^,  it  Cy  d  (fig.  2.  and  3.),  move  with  confiderable  velocity,  and 
thus  feparatc  the  grain  from  the  draw,  while  both  are  thrown 
/on  the  concave  rack  M  (fig^  2.),  which  lies  horizontally  with 
ilender  parallel  ribs  ^  fo  that  the  corn  may  pafs  through  them 
into  the  fubjacent  hopper  N  (Hg.  i.  and  3«)« 

O  (fig.  3.)  is  a  riddlb  or  harp,  through  which  tlie  com  drops 
into  a  pair  of  fannexs,  P  (fig.  i.  and  3.)>  ^^'^  ixom  thefe  it  is 
generally  obtained  in  a  ftate  fit  for  .the  market. 

Q  R  T..S  is  ii  rake,  confiftipg  of  four  leaves^  or  thin 
jpieces  of  wood^  at  the  extremity  of  each  is  placed  a  row  of 
teeth,  iy  fi  gi  bf  that  are  five  inches  long.  1  his  rake  moves 
in  the  concave  rack  M,.  (fig.  2.),  in  a  circular  diref^on ',  while 
the  teeth  catch  the  ftraw  that  had  been  jtbrown  by  the  Ccutchers. 
^  ky  Cydy  into  the  rack,  and  remove  it  to .  the  contiguous 
place,  V. 

W  (fig.  I.)  reprefcnts  the  horfe's  courfe,  which  is  twenty* 
feven  ifeet  in  diameter. 

X  (fig.  I.  and  2.)  is  the  pillar  (or  fupporting  .the  beams  09 
•which  the  axle  of  the  fpur- wheel  is  fixed. 
!    Y,  Y,  Y  (fig.  I.),  and  Y,  Y  (fig.  2.),  (hew  the  foindles,  the 
defign  of  whicn  is  to  move  the  two  fluted  rollers,  the  rake,  and 
the  fanners.  , 

To  the  defcription  now  given  we  have  only  to  add,  that  th^ 
drum  has  a  covering  of  wood  at  a  fmall  diftance  above  it,  for  die 
^urpofe  of  keeping  the  (heaves  clofe  to  the  fcut(;hers. 
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The  nutnbor  of  perfont  requifite  for  s^tendingthe  mill  when 
iK'orking  is  fix :  one  perfon  drives  the  hflfffs.;.  a  frcond  hands 
the  (heaves  to  a  third  who  unites  them,  while  a  fourth  fpreftids 
them  on  the  tndined  boards,  and  prefles  them  gently  between 
the  rollers  $  a  fifth  perfon  is  necei&ry  to  riddle  the  com  as  it 
ialls  from  the  fanners,  and  a  fixth  to  remove  the  ftraw. 

This  machine  can  be  moved  equally  well  by  water,  Windsor 
horfes.  Mr.  Meikle  has  made  fuch  improvements  on  the  wind* 
mill  as  to  render  it  much  more  manageable  and  convenient  than 
formerly;  and  we  are  infon^ied  many  wind-mills  are  now  ere^^t 
ing  in  different  parts  of  the  country.  As  to  the  comparative  ex- 
pence  of  thefe  diflerent  machines,  the  eredion  of  the  horfe-ma« 
chine  is  lead ;  but  then  the  expence  of  emjploying  horfes  muft 
be  taken  iQto  confideration.  One  of  this  kind  may  be  ere£led 
for  70/.  A  water-mill  will  coft  loA  more^  on  account  of  the 
expence  of  the  water-wheel.  ^  A  wind«miU  will  coft  from  200/. 
to  300/.  fterling. 

In  thralhin?  machines,  however,  cheapnefs  (hould  not  be 
the  only  confideration.  It  often  happens  in-maehinery,  tfaat 
things  apparently  cheap  are  ^timately  very  desw»  Thraihing  o£ 
com  requires  a  ftrong  power,  which  neither  weak  men  nor- 
flight  machines  are  competent  to.  On  this  account,  ftrong  and 
durable  machines  are  to  be  reconunended  as  cheapeft  in  the 
end  ;  performing  more  work,  in  a  better  manner,  and  not  need- 
ing frequent  repairs. 

Some  other  well-conftru£ted  thrafliing-machinesare  deicribed 
jn  Gray's  Experienced  Mill-wright,  and  in  the  Repertory  <^* 
Arts  and  Manufactures. 

With  refpe£l:  to  the  quantity  of  com  which  a  machine  will 
thrafli  in  a  given  time,  it  is  not  eafy  to  give  any  pr^cife  in-< 
formation :  the  moft  important  we  have  yet  met  with  is  given 
by  Mr.  Fenwick,  who  found  from  numerous  experiments  that 
a  power  capable  of  raifing  a  weight  of  looo  pounds  with  a 
uniform  velocity  of  fifteen  feet  per  minute,  will  thrafli  two  bolls- 
(eight  buihels)  of  wheat  in  an  hour ;  and  that  a  power  fufficieat 
to  raife  tlie  fame  weight  with  a  velocity  of  twenty-two  feet  per 
minute,  will  thraih  three  bolls  of  the  fame  grain  in  an  hour. 
From  thefe  izCtSy  this  gentleman  has  computed  the  following 
table,  which  is  applicable  to  machines  that  are  driven  either 
by  water  or  horfes* 
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Hie  firft  fetor  cekimn^  of  the  preceding  ttiM^  eontaift  XiKn'^tf 
qfvantkies  of  iMiieHing  power,  and  the  Mt  two  exMbtt  th^ 
mmber  of  belli  of  wheat  in  Wmehcflter  mcrfurej^  wfiicB  fach' 
flowers  are  capaU'e  of  tbrafhing  in  an  hour,  or  in  a  day.  Sir 
horfes^  for  example^  are  capable  of  thrafliing  ten  bolh  of  whca€ 
in  a»bour|  or  mnety-fiv#  in  the  fpace  of  nine  hour$  and  a  half^ 
or  a  working  day ;  and  680  gallons  of  water  difchafged!  iaw 
the  buoketii  of  an  orerfiiot  water-wheel  diiring  a  minute,  will 
tbrafh  the  fame  quantity  of  grain.  ^ 

TIDE-MiLLS,  as  their  name  imports,  are  fuch  as  employ^ 
for  their  firft  mover  the  flowing  and  ebbing  tide,-  eithex'  in  thcT 
fea  or  a  river. 

Mills  of  this  Wrtd  hare  not  often,  we  believe,  been  ereSerf' 
in  England,  though  fcvcral  of  our  rivers,  and  particularly  thrf 
Tbamcj;,  the  Muniber,  and  the  Severn,  in  which  the  tide  rifea^ 
to  a  great  hciglit,  ftirnife  a  very  powerful  mover  to  drive  any' 
kind  of  machinery,  and  would  allow  of  tide^mills  being  very 
advantageouflyconftruflred  upon  their  banks.  The  eredion  o^ 
fuch  mills  is  not  to  be  recommended  univerfalfy,  as  they  are 
attended  with  a  confidferable  original  expence;  befides  that 
fome  of- their  parts  will  require  frequent  repairs:  but  in 
fome  places  where  coals  are  very  dear  they  may,  on- the  whole*, 
be  found  lefs  expcnfivc  than  fteam-engines  to  perform  the  fame 
work,  and  may  on  that  account  be  preferred  even  to  them. 

Wc  have  not  been  able  to  afcertain  who  was  the  firft  con-^ 
triver  of  a  tide-mill  in  thife  country,  nor  at  what  time  one  was 
fitft  erefted.  The  French  have  not  been  fo  negligent  rcfpcfting 
thQ  origin  of  this  important  invention  as  to  kt  it  drog  into  ol^ 


fcurity ;  but  hive  talten  carbtamform  to  that  ftch' mills  wer? 

ufed  in  France  early  in  the  laft  centus^*  .JBelidor  oifintionfijhe 

natnc  of  the  inventor,  at  the  fame  time  that  he  dates  fom?  pe- 

ctiiiar  advantaees  o(  this  fpecies  of  machine.     '*  L'on  en  at- 

tribue/'  fays  he,  **  la  premidrc  invention  k  ur  nomme  Ptrfs^ 

maitre  charpentier  de  Dunkerque,  qui  merite  aflbrement  lyeau- 

coup  d'^loge,  n*j  ayant  point  de  gloire  plus  digne  d'tui  bon 

citoyeni  que  celle  de  produire,  quelqu'  invention  utile  a  }a  lb- 

ciete.     £n  efFet,  combien  n'y  a-t^il  point  de  chofes  efentietles 

i  la  vie,  dont  on  ne  connoit  le  prix  que  quand  on  en  eft  priv^; 

les  mouUns  en  general  font  dans  ce  cas-li.  On  doit  £^avoirbon 

gre  a  ceux  qui  nous  ont  mis  en  etat  d'en  conftruhre  par-tout : 

par  exemple  a  Calais,  comme  il  n'y  ferpente  point  de  rivieres^ 

on  n'y  a  point  fait  jufqu'ici  de  moulins  k  eau^  &  ceux  qui  vont 

par  le  vent  ch&mant  un  partie  de  I'anneey  il  y  a  des  tem»  ou  cette 

vflle  fe  trouve  fans  farine^  &  j'ai  vu  la  garnifdn  en  1730,  d>ligie 

de  faire  venir  du  pain  de  Saint^Omer,  au  lieu  qu'en  fe  fervant 

du  fittx  &  reflux  de  la  mer,  on  pourroit  conftruire  autant  de 

moulins  it  eau  que  Ton  voudroit :  il  y  a  d^avtres  villes  dans  le 

Toiiinage  de  la  mer  fujettes  au  meme  inconvcntentf  paree  f^ 

apparemment  ellcs  ignorent  le  moyen  dV  rcmcdict^'* 

Mills  to  be  worked  by  the  rifing  and  falling  of  the  tide  admit 
of  great  variety  in  the  efiential  parts  of  their  conflruetion ;  but 
this  Variety  may  perhaps  be  reduced  to  four  general  heads,  ac- 
cording to  the  manner  of  action  of  the  water- wheel,  i.  The 
water-wheel  may  turn  one  way  when  the  tide  rifes,  and*  the 
contrary  when  it  falls.  2«  The  water-wheel  may  be  made  to  turn 
always  in  one  direftion.  3.  The  water-wheel  may  fall  and  rife 
as  the  tide  Qjbbs  and  flows.  4.  The  axle  of  die  water-wheel 
may  be  fo  fixed  as  that  it  fh^  neither  rife  nor  fal^  though  the 
fotatory  motion  (hall  be  given  to  the  wheels  while  at  one  time 
k  is  only  partly,  at  another  completely,  immerfed  in  the  fluid* 
In.  the  mills  we  have  examined,  ihe  mil  and  third  of  thefe  di- 
vifions  have  been  ufually  exemplified  in  one  machine ;  and  the 
fecond  and  fourth  may  readily  be  united  in  another:  we  fhaO^ 
therefore,  fpeak  of  them  under  two  divifions  only. 

I.  W^henrht  tvater-'wheel  rifes  ani  falls ^  and  turns  one  way 
nvith  the  rijmg  tide^  and  the  contrary  vihen  it  ebbs*  In  order  to 
explain  the  nature  of  this  fpecies  ot  tide-mill,  -we  flialt^  deferibe 
one  whioh  has  lately  been  txtO^tA  on  the  right  bank  of  the 
Thames  at  Eaft-Greenwich,  under  the  direftion  of  Mr.  John 
Lloyd,  an  ingenious  engineer  of  Brewer's-gTceny  Weftmtnfter. 
.  ^This  mill  is  intended  to  grind  corn^i  and  works  8  pairs  of  ftones*. 
The  fide  of  the  mill-houfe  parallel  to  the  courfc  of  the  river 
Ktcafurtfs  40  feet  within;  and  as  the  whole  of  this  may  be 
«^pcned  to  the  river  by  ^uiccrgatcs^  which  are  carried  down  ta' 
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the  low  vratcr-mark  in  the  river,  there  is  a  forty-feet  waterway 
t*  tbe-*mUl:  thtougb  this  w«terway  the  water  pailes  during  thtf 
Etfing  tide  into  a  large  re&rvoiri  which  occupies  about  4  acretf 
of  kind :  and  beryond  this  t^fervoir  is  a  fmalkr-  one  10  -whiek 
^^ateri&kei^t  for  the  puvpofeof  being  let  out  occafionally  a£ 
low  ^ter  to  deanfe  the  whde  works  from  mud  and  fediment, 
vhicb  vQOuid   otbeiwife  in  tinae  clog  the  niackinery^     Th£^ 
water^ifbeel  has  its*  axle  in  a  pofition  parallel  to  the  fide  of  the  , 
rirer^  Ahflf(  is,»paraUel  to  the  flaice-g%ces  which  admit  water 
ffObi  thejiver  £  the  length  of -this  wheel  is-26  feet,  its  diameter, 
i^.£iit9tf  atul  iUL  number  pf  .iioat«board&  32..  Thefe  boatds  do 
i^iHKhRmioam^vpe  plane  from:  one  end  of  the- wheel  to  the 
o^f»  but  |he  whole  length  of  the  wheel  is  divided  into  fom*. 
cfoal  portiottS)  and  the  parts  of.  the  float->boards  bdcinging  to ' 
cach^f  thfifii  pordoms  fali  gradually:  one  'lower  thad  another,, 
eaoh  byoalB  fotutii  of  the  diflance  from  one  board  to  anotiier, . 
n^eafurisig  on  the  dicumference  of  the  wheel.  *-  Thia  contfi?^ . 
ance,  whidi  will  be  besoac  underftood  by  referring,  to  'fig.  6.  • 
pL  XXXV*.  (ibemng  a  part  of  the  wheel),  is  intended  to  equal- 
ize the  ai£iion  of  the  water  upon  tlie  wheel,  and  fnevsnt  its^ 
moving  by  jerlcs.    The  wheel,  with  its  incumbent  apparatus^  . 
.  'mkba  about  20  ^oos,  the  whole  of  which  is  jraifcd  by  the  im*- 
putteof.^he  flowing  tide  when  admitted  through  the  iluic&* ; 
gates.  Jt  is  placed  in  dio -middle  a[  the  water-way,  leaving  a. . 
paflage  oa  oauch.  fide  of  about  6  feet  for  the  water  to  flow  into  . 
the  treicrvoir,  beiiiks  that  which  in  its  motion  turils  the  wheel . 
round.    Soon  after  the  tide  has  rifen  to  the  higheft  (which  at  ^ 
this.mill  is  ofoenaa  feet  above  the  low  water-mafk),  tbe  water  . 
is  permitted  to  run  back  again  from  the  refervoir.  into  the  river, 
and.by  this  means  it  .gives  a  rotatory  motion  iq  the  water*  wheels  . 
in  a. contrary  dit6<!lion  to  that  with  which  it  moved  when  im-  . 
pelled  by  the  rifmg  tidie':  the  foatfivance  by  which  the  wheel  is 
raifedand  depreli'ed,  and  that  by  whidi  tixe  whole  interior  mo-* 
tions  of  ,the  mill  ar&  preiorved  in  the  fame  direction,  although 
th'dt'iii  whiclir  the  water-wheel  moves  is  changed,  are  fo  truly    ' 
iiigtnioiis  as  to  deferve  a  diftini^  description,  illoftrated  by  dia-" . 
grani$«    Let,. then,  AB  (fig*  5.  pi.  X]^XV«)  be  a  (eAton  of  the. 
waten-wb^^y  1}  2,  5^4,  5,  «&c.iu. floats,  CD  the  first- cog- .  * 
whfcel  upoiLt^iaine  axis  as>  the  water-wheel :  ihe  verocal  flbnt , 
PBcai^ias  the. two  eqaalwaUowe&tvi^ieeis  £  and  F,  which  aib  ,  : 
fo  iui^(k0ivthe  iimft  thaL  onr  or  cdier  of  them  may,as  ocr-  •  * 
ca^an  ie(Aiires^lp&«btougbtxo;brdriv«nvby  thefirft  wlieel  C2D;^* 
and  thus  (by  what  has  been  faid  under  the  article  Reversing 
cf  mctk^JnhefitSL  i^rhttA.  tf£li6|z  4ipoa  F>and  £  at  pomts  dia>/ 
ii>e|xkally>.op|K>£4e,rwi|li>a:|Aoi^^        owa  motion  isj^everfed,  . 
COtAinuiwMetlietotftoiiiyummi^  . « 
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lim  ktbe  ArtAkm.  la  di0  figure  cbtwbMlS  aiHisvii  in  gM^ 
while  F  k  dear  of  the  cog*wheel  CO  (  nA  H  ihs  timi  of  the 
tide  the  wheel  F  ie  let  itite  geer»  an4  S  is  thrown  o«t :  tUe  ie 
eSkfkMd  by  the  lever  Gf  whofe  fuleraip  U  at  H»  the  Qthe«  en^ 
being  fofpeMM  bf  the  rack  Kf  which  has  hold  of  the  ^ie« 
L  on  the  fame  exk  as  the  whe4  M }  into  this  wheel  plajri  the 
pinioa  N»  tiie  wioch  O  on  the  other  end  of  whofe  eirie  fitf^ 
niibes  feQcient  adf  antage  to  enable  a  men  to  elevate  or  de* 

I^reft  the  wallower-wheek,  at  required.  The  cemre  of  the 
ever  may  be  (hewn  ftK>re  elearly  b^  fig.  6.  pU  XZX V.  whm 
«  ^  is  e  feAion  of  the  Iever>  whieh  it  eompofed  of  two  (tm 
bars  of  iron,  9%  ab:  there  ere  two  fteel  ftude  or  pins  whi< 
work  in  ih^  grooves  of  the  grooved  wheel  Ij  this  wheel  being 
fixed  on  the  four  rods  farrounding  the  ihaft,  of  whieh  tbfee 
only  een  be  ihewn  in  the  figures,  ucfd^e;  the  ends  of  theiis 
«le  <orewed  faft  by  bolts  to  tM  foekets  of  the  wallower^whedst 
end  they  are  nicely  fitted  on  lAie  veniod  Ouift  fo  as  to  Aide  with 
little  fri£kkm :  thus  the  walkwers  may  be  rai£Dd  or  lowered 
upon  the  uinight  (haft,  while  the  ffudgeon  on  which  it  turns 
retains  the  fame  poGtion*  When  i£e  lop  waUower  is  in  gear» 
it  lefts  on  a  Ihottlder  that  prevents  it  from  going  too  far  down  } 
and  when  the  bottom  one  b  in  gear  there  is  a  bolt  that  goes 
thi(Oiigb  the  top  wheel  focket  aaci  fluit,  which  takes  the  weight 
from  the  lever  G,  at  the  £ime  time  that  it  prevents  muoh  fric- 
tion  on  the  ftods  or  pins  of  the  lever  which  works  in  tbs 
grooved  wheel  I. 

When  the  tick  is  flowing  after  the  mill  has  ftopped  a  fuffi- 
fueat  time  to  gain  a  moderate  head  of  water,  the  fluid  i%  fuflSsred 
to  enter  and  fall  upon  the  wheel  at  the  fluice  Q  (fig.  5.)»  Md 
the  tail  water  to  run  out  at  the  fluice  R.  The  hydrdtatic 
preflure  of  the  head  of  water  aAing  a«|inft  the  bottom  of  the 
wheel'frame  S,  and  at  the  fame  time  a&ing  between  the  fold* 
ing^ga^A  T  W,  which  are  thus  oooverted  into  very  large  hydros 
ftatic  beUowe,  buoys  up  the  wheel  and  frame  (tnough  weigh* 
ieg»  as  before  obferved,  nearly  20  ions),  and  makes  them  gr»> 
dually  10  rife  higher  and  higher,  fo  that  the  wheel  is  neveri  at 
the  workmen  eipress  tt>  £r$wmd  in  the  flowing  water  \  noff 
can  the  waisr  eH»pe  under  the  whcek-framOf  bems  prevented 
by  the  fiskliog-gaiai  which  pafii  from  one  end  to  tne  ether  of 
the  wheel,  bi  this  waythe  whcd  and  ftamesie  buoyed  up  by 
^lieadof  4  fiM\  and  the  mill  wovke  with  a  head  of  i  ^  5^ 
fleets 

When  ih«  tide  b  d>btngi  and  the  wai«  from  die  refarvob 
rmmmg  beck  again  into-  the  river,  it  mighl  parhepa  bii  eipo4M 
thacjia  cenftHiaeMt  of  the  gmduel  febfidinf  of  tkt  water  tbf 
'mm^hwik  ftMid  ae  gieduaUy  }0wmx  bM  lift  i»qF  of  A# 
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whiter  confined  %et9reen  the  wheel*frame  at  S  and  the  fblding^ 
gates  TW  (hould  J)revcnt  this,  there  arc  ftttmg  rackwbrktt  of 
caft-iron,  by  which  the  whe^Uframc  can  be  either  fufj^cnded  at 
any  SItitude  or  gradually  let  down  fo  as  to  gtv«the  wMcr  re- 
tfirning  from  the  refervoir  an  advanta^otis  head  upon  the 
wheel:  then  the  fluice  R  is  (hut,  and  V  open^Kl  as  well'  as  X, 
the  water  .Entering  at  X  to  act  upon  the  wheel,  and  flowing  out 
at  R.  The- upper  furface  of  the  wheel-frame  is  quadrangulat, 
aiid  at  each  angle  is  a  ftron^  caft-irbn  b<ir,  which  Aides  up  and 
down  in  a  proper  groove,  that  admits  of  the  vertical  motion^ 
but  prevents  nH  fueh  lateral  deviation  as  might  be  occafioned  by 
the  impulfion  of  the  ftfeam.  ' 

At  each  end  of  the  water-wheel  there  is  a  Vertical  fliaft,  vMi 
wall6werd  4nd  a  firft  cog- wheel',  as  F,  £,'  and  CD ;  afnd  each  bf 
thefe  vertical  fhafts  turns  a  large  horizontal  wheel  at  a  fuitable 
diftance  above  the  wallowers,  while  each  horizontal  wbM 
drives  4  equal  pinions  placed  at  equal  or  quadrantal  diftances 
on  its  periphery,  .each  phiion  having'  a  vertical  fbindle,  on  the 
upper  part  of  which'the  upper  millftone  of  its  relpedive^  pafir  it 
fixed.  Other  wheels  driven  by  one  or  other  of  thefe  pinions 
giving  riiodon  to  the  bolting  and  dreffmg  machines,  and  differ- 
ent fubordinate  parts  of  the  mill. 

Although  the  vertical  fhaft  at  each  end  of  the  trater-'wheel 
rlfe4  and' falls  with  that  wheel,  yet  the  large  horizontal  wheel 
turning  with  I'uch  fhaft  does'  not  Klocwife  rife  and  fall,  but  re- 
mains always  in  the  fame  horizontal    plane,  and  in  contact 

*  with  the  four  pinions  it  drives.  The  contrivance  for  this  pur- 
pofe  IS  very  Timple,  but  very  efficacious:  each*  great  horizontal 
wired  has  a  nnve,  which  runs  upon  friftionp-nniers,  and  has  a 
ri]uarc  ^ertlire  paflmg  through  it  vertically,  juft  large  enbugh 
to  allou*  the  ihaft  P  to  Aide  freely  up  and  downr  in  it,  but  not 
to  turn  round  without  communicating  its  rotatory  motion  to 
the  wheel:  thus  the  weight  of  the  wheel  cftufes  it  to  prefs 
upon  the  ln£lion*rolier5,  and  retain  the  fame  horizontal  planes* 
and  the  a^Uon  of  the  angleiK  of  the  vertical  (haft  Upon  the  cor- 
tftfixjndiiifir  parts  of  the  fqu^ire  orifice  in  the  nave  caufes  It  to 
pai'take  of  the  rotatory  motion,  fuch  motion  being  alwavs "in 
Ijnt'dtreittion'in  confequence-'of  the  contrivance  by  whkn  one 
br  other  of  th^  wallowers  £F  is  brougKt  into  conuA  wiA  tha 

^  ©^li^fite  points  of  the  fitft  cog-whed  CD. 
•:*;S%verahof-tbc'-fubordinate  parts  of- this  mill  are  admindilv 

*  cohfttuSed ;  but  w6  can  only  notice  here  the  means  by  whica 
thr<fir*tlrort  <rftJie  motksititi  the  dntffing  and  bolting  machines 

*  ftt^f-W^  viiried  tot  pteafurc.    On  ^  vertical  fliaft  arc  fijccd,  at  Ae 
;  aittaiice tftf «bout  1 5  or-  rS'hiehes^ two  eqtMil  cog'VtflN»^ andean* 

itfl€ilc^ocii«]ke<twh^t;dtt;idiei^  to  a'faori9>mul4Mde  iioiadefarirttt 


hemiQfe^hk  up  apd  dowa  by  a  ftrcw.,  5U(uJ^  tt^^s^Jbr^l^ght  intoi 
contsuOt  with  eitheir.  the  upper,  or  Ipwer  of  the.  twQ .cog-wheels 
on  the  vertical  flxajft  i  thus,  It  is  manifeft  the  motion. is  re verfca 
with  great  JFacility  by  changing  the.  pofition  ,of  the  Tiprizohtal 
axle  &  that  the  wheel  upon  it  may  be  driven,  by  the,  two  qo^-* 
wheels  alternately*  A  wheel  and  pinion  working  at  .the  other 
^od  of  the  horizontal  axle  will  communicate  the  n^otioQ  to  the 
^refling-machineSf  .  . .      ,  , 

Mr,  W.  Dryden,  Mr.  Lloyd's  fqreman,  employed  in  thp^ercc* 
tipn  of  this  mill,  fuggefts  that  a  nearly  (Imilar  mode  may^  be 
adTantageouflv  adopted  in  working  the  4^efling- machine^  iii 
wind-mills:  three  wheels,  all  of  mfFejent  diam^ter^,'rr\ay  Ipe 
on^ployed,  two  of  them,  as  A  and.Ci  t;^r^ing  uypn.  a  vertical 
ftiaft,  and  the  third,  B,  upon  ^n  inclined  .one;.,  jn  fig.  lo^ 
pi.  XXXV.  the  wheels  A  and  B  ar?  Ihewn  iu  gear,  while '  C  is 
out :  and  if  A  be  ftruck  out  by  fomc  fuch  contrivance  ,a^  is 
adopted  with  regard  to  the  firft  cog-wheel  and  wallowers  (fig. 
5.  6.),;C  would  come  in  conta£l  with  B,  while  A  would  be 
fn^,,and.fo  communicate  a  motion  to  B  the  reverfc  way.  By 
thisjtontirivance  it.  woujd  be  eafy,  when  the  winds,  are  ftrong 
jinrf  give  a  rapid  xnotipa  tq  the  vertical  axle,  to  bring  C  to  drive 
B  the  wheel  on  the  axle  of  the  dreiEng-n\acHines  3  and  on  thd 
contrary,  when  the  wind  was  ilagk,  and  the  confequent  motion 
of  the  machinery  flow,  let  C  be  thrown  out  of  gear  and  the 
wheel  B  driven  by  the  larger  wheel  A,  as  (hewn  in  the  figure. 

We  fhould  have  been  glad  to  fee.  adopted  in  this  well-cpn- 
ftruded  mill  a  contrivance  recommended  and  purfued  by  the 
American  mUlwrights,  for  raifing  the  ground  corn  to  the  cool- 
ing-boxes or  Dcaches  from  which  it  is  to  be  conveyed  into  the 
boltiag-machipe.     In  this  mill,  as  in  all  we  have  feen,  the  corn 
is  put  into  bags  at  the  troughs  below  the  n(ull-ftones,  and  thence 
!rsufed  to  the  tc^  of  the  mill-houfe  by  a  rppj^  folding  upon  b^r 
rels  turned  by  fome  of  the  interior  machinery  of  the  mjll.     in 
the  American  method  a  large  fcrew  is  placed  horizontajlyjin 
the  trough  which  receives  the  flour  from  the  millftpn^s.  .T{ic 
^  thread  or  fpiral  line  of  the  fcrew  is  compofcd  of  piecesj  of  wood 
aboi^t  two  mches  broad  and  three  long,  fixed  into  a  wooden  cW 
.  ,linder  f^ven  or  eight  feet  in  length,  which  fomis  the  axis  of  the 
fcrcwi    When  the  fcrew  is  turped  round  jhfs.axis,  it  forces 
the  meal  from  one  end  of  the  trpugh  to  the  ottjer,  where  it 
,  falls  into  j^iotber  trough,  from  which  it  is  ralfipd  to  the  top  of 
the.,mUi-houfe  by  means  of  elevators,  a  piece  of  machmery 
fimilar  tQ  the  cl^m-puinpi    Thefe  elevators  .confiQ:  of  a  chsun 
.  of  buckets  pr  concave  veflfels  like  large  teacups*  jdxed  at  proper 
. ^4i4;^cc& upon  a  leathern. band,  whioi  goes  rpuixd  twp  whee)s, 
..mjr^Hish  >s  j)liced.a^.  Ae  tog,.o(the  p^Ul-^ou^,  ^4^'tl^e 
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otiierat  thebpnom,  m  the  meal-trotigh.  When  the  Mchccb 
arcput  ill  motion}  the  band  revolves,  and  the  buckets,  dipping 
into  the*  mcal^'trough,  convey  the  fiour  to  the  upper  fiory>  where 
they  difcharge  their  content*.  The  band  of  buckets  is  inctofed 
m  two  fquare  bcnied,  in  order  to  keep  them  clean,  and  prefetve 
them  .findm  injury. 

But  it  S9  time  tadire^l  onr  attention, 

^.  To  tUi^mlU  in  tohUb  the  axle  flJT  ibe  njDaUr-vjhul  neithe^ 
rifts  norfalis^  and  in  nvhich  that  wheel  is  made  alwayj  to  revolvf 
in  the  fame  direction. 

A  water* wheel  of  this  kind  muft  manifeftly  at  the  time  of 
Kigh^tide  be  almoft  if  not  entirely  immerfed  in  thcBurd:  and 
to  4;on(^ru£^  a  wheel  to  work  under  fuch  circiunftances  is»  ob- 
Tiouflyt  2  niatler  which  requires  no  imall  (kill  and  ingenuity* 
..The  firft  perlbns  who  devifed  a  wheel  which  might  be  tum^ 
e^  by  the  tide,  when  completely  immerfed  in  it,  were  Meflrs^ 
Gofet  and  de  la  DeuUU.  Jlieir  wheel  is  defcribcd  by  Belidof 
in  nearly  the  following  terms:  Suppofe  GH  (fig.  12.  pL 
^X}ilV.)  to  denote  the  jfurface  of  the  water  at  high- tidei  the 
KneXM  the  furface  at  low  water,  suid  that  the  current  follow* 
th^  dir^dipn  of  the  arrow  N;  the  problem  is  to  conftru&  the 
If  heel  fuch  that  it  may  always  turn  upon  its  axis  IK.  The. 
figure  juft  referred  to  is  a  profile  of  an  aflemblage  of  carpentry 
w'hich  muft  be  repeated  (everal  times  along  the  arbpr,  accord- 
ffg  to  the  )^gth  which  it  is  mopofed  to  give  to  the  iloatboards$ 
and  the  planks  or  plates  wnicn  compote  thefe  floats  moft  be 
himg  to.  the  other  parts  of  the  frame  by  as  many  joints  as' are 
n^eiTary  to  enable  them  to  fuftain  the  impulf^  of  the  water 
without  beading.  The  fok  peculiarity  of  this  wheel  confii)^ 
in  hanging  upon  the  tranfvcife  beams  in  the  frame-work,  by 
hinges,  the  planks  which  are  to  compofe  the  float-boards  y  fo 
tfcat  they  may  prefent  tliemftlves  in  £ace^as  X),D,D,  when  they 
afe  at  the  bottom  of  the  wheel,  to  receive  the  full  ftroke  of  the 
llream;  and,  on  the  contrary,  |hev  prefeht  Only  their  edges,  as 
at.  A,  A,  A,  when  they  are  kought  towards  the  fummit  of  the. 
wheel:  hence,  the  water  having  a  far  ^eater  cSk€t  npon  the 
lower  than  the  upjer  parts  of  the  wKeeiT  compels  it  to  revolve 
in  the  order  of  the  letters ;  inftead  of  which,  if  the  fioatboards 
wwe  fixed,  sls  in  the  ufual  veiy,  the  impulfe  of  the  fluid  upon 
die  wheel  wQuld  be  nearly  tne  fame  m  all  its  parts,  and  it 
i^KHtld  remain  immoveable. 

We  fise,  at  once,  that  the  boards.  D,  D,D,.  having  mo^'ed  ton 
tpards  M,  then  begin  tq  float,  as  at  £^  £,  £j|  and  more  llill  at. 
J^-i'Ts  F>.b*u  that  it  is  not  till  thev  arrive  at  A, A, A,  that  ihey 

Slain  the. horizontal  poCtion^    atter  Aat,  having  arrived  'at 
,&,B>  they  begin  (a  droj^;  towards  the  bcama  to  ;«hich  ^ey 


are  h6o1ced,  and  as  foop  as  they  have  pafl^d  t1)d  levd  hi  A^  ^ 
axle  IK}  die  ftream  commences  its  full  iJBixon  upaiHtbetoiV^ 
which  it  attains  completely  between  C>C,  C»  and  £,£>  B»  ktidr' 
this  whether  the  furface  of  the  water  be  alt  GH  or  nt  £M)<^ 
tot  even  in  the  latter  cafe  it  is  manifeft  that  the  fioaf-lMjMs  a#e'  * 
entirely  immerfed  when  in  the  vertical  pofition  PQ.  Belid^*^ 
/;^y«  he  was  prefent  at  the  firft  trial  of  fuch  a  wheel  at  Par%» 
and  that  it  was  attended  with  al)  the  fuccefs  that  ^6\M  be 
defircd.  :•:•::> 

A  water-wheel  has  been  lately  invented  by  Mr.  Drydeii^  ^ 
which  will  work  when  nearly  immerfed  in  the  water  of  ajlotv* 
uigtide.     Fig.  4.  pi.  XXXV.  is  an  elevation  of  thk#faed»'* 
its  upper  parts  being  fup{>ofed  to  (land  a  loot  Cr  ^#6^ higher*- 
than  the  tide  ever  rifi^:  the  axis  of  this  wheel  reniainsralift^irfs' 
in  one  place,  and  the  wheel  will  work  at  high' wat^  'wheii't|he 
head  is  at  B  and  the  tail-water  at  tl^  dotted  line  fi  i  it  wiH^ 
alfo  perform  nearly  the  fame  work  when  the  bead  is  aV  G,'and 
the  tail-water  level  with  the  bottom  of  the  wheel.    Hie  fldats 
are  all  fet  at  one  and  the  fame  angle  with  the  refpeAive  ra<lil 
of  the  wheel)  as  may  be  feen  iii  the  figure,  and  are  Made^  te- 
to  have  an  opetirng  of  at  leaft  an  in^h  between  eadi;Saat  kad^ 
the  drum-boarding  of  the  wheel.    This  opening  is  .intended^ . 
t6  prevent  the  wheel  from  being  impeded  by  the  tail*wai^f';^ 
for  as  die  backet  rifes  out  of  the  water  theiie  can  b^  ho  vaciitnit*' 
formed  in  it,  there  being  a  full  fupply  of  air,  in -con&qttence  iyP 
which  the  water  leaves  the  wheel  deliberately.    Thd  tsi^  is 
difl^rent  with  regard  to  wheels  made  in  the  cohttmon  w;(y :  <  fior' 
if  fttch  are  open  Wheels,  the  floats  are  made  in  iudir'ktBibnheir' 
as  to  throw  the  tail-water  if  they  are  immerfed  any  dej^d^fli*^ 
it ;  or,  if  they  are  cUfe^  the  wheel  wants  proper  vent  iot  the* 
dr  to  prevent  the  formation  of  a  vacuum  in  the  rifmg  btteket^' 
or  what  is  called  by  the  miller  "fucking  up  the  tail-wrttct/" 
At  D  n  planking  made  circular  to  fit  the  wheel  pretty  d6fe  f6lf 
rather  more  than  the  fpace  of  two  floats,  fo  as  to  cdnfine  thi\ 
water  nearly  clofc  to  the  wheel.     E,  F,  G,  H,  are  flufbe/wfech 
are  all  coaoedted  together  bf  the  iron  Bar  I,  and  lifted  wi^  the 
ainitaace  of  a  wheel,  two  pinions,  and  a  wincK,'dle  flH{  pinion^ 
>yorking  into  the  rack  K:  thefe  flaices  are- merely  for  fl6ppikig' 
the  wheel  when  ogcafion  requires,  although  one  fnight  He>rut*>' 
itcient  to  fupply  the  wheel.    The  riiig^  of  khifi  wheel  mdv  be^ 
made  either  of  cadriron  or  of  wood ;  die  floats  mdv  be-WOHT 
plates  riveteH  together^    The ffanchesori  the slrms of  tne  M^el . 
exhibited  ift  the  Sketch  are  intended  tb  facilitiite  tUe  fkiilg  bf 
thu. firft  cog-wheel :  the  ring  of  the  wheel  maf  be  fbid  io  ihrf^ 
flanches  at  the  extremity  of  the' arhis,- and' tWd/Mkr^e- flartel^. 
itiade  faft  to  the  ^xle  v^iil  reserve  tht'middle'|>irY^o(^wh^eli 
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Kg.  4*  pi.  XXXVII.  is  a  clan  of  the  houfc  in  which  cither 
of  the  two  latter  wheels  mav  be  fixed,  ihowing  in  what  manner 
the  water  ma^  be  conveyed  always  on  one  ude  of  the  wheel ' 
by  the  affiftance  of  the  four  gates  A,B,C,  and  D.  When  the  mill 
is  working  fron:i  the  river,  A  and  B  are  open,  the  arrows  point 
out  the  way  the  water  runs  from  the  river  to  the  bafin ;  and  the 
dotted  lines  on  the  contrary  the  courfe  from  the  bafin  to  the 
river,,  when  A,B,  are  fliut,  and  C,  D,  opened.  Thefe  gates 
are  made  to  turn  on  an  axle,  which  is  about  fix  inches  from  the 
middle  of  the  gate  ^  and  on  thq  top  of  the  axle  is  a  half-wheel : 
by  fomc  crane- work  connefted  to  it,  the  gate  can  be  opened  or 
(hut  at  pleafure:  when  a  head  of  water  prefles  agaiuft  tiut 
gatesi  they  will  open  great  part  of  the  way  of  themfelves,  by- 
only  letting  the  catches  that  keep  them  (hut  be  lifted  out  of 
their  place.  X,  Y,  are  two  knees  of  cad-iron,  to  fupport  the 
pofts  that  the  gates  are  fixed  to.  The  walls  of  the  building 
are  reprefented  at  a,  i,  Cf  and  J. 

The  reader  will  now  be  able  to  form  an  eftimate  of  the  com- 
parative value  and  ingenuity  of  the  two  kinds  of  tide-mill# 
here  defcribed.  The  fimplicity  of  conftrudlion  of  the  wheels  of 
GofTet,  de  la  Deuille,  and  Dryden,  recommend  them  ftronglv ; 
but  we  entertain  fome  doubts  of  their  being  completely  fuccels- 
ful  in  praf^ice :  had  the  curious  wheel  with  the  folding  gates,Scc. 
figs.  5*  6,  pi.  XXXV.  been  placed  with  its  axle  perpendicular 
inftead  of  parallel  to  the  courfe  of  the  river,  the  water  might 
then  have  always  been  admitted  to  a£^  upon  the  fame  fide  of  it, 
and  the  hydroftatic  preflure  would  have  operated  as  completely 
in  lowering  it  continualljr  durinjg  the  time  of  ebb,  as  in  raifing  it 
pontinually  during  the  rifing  ot  the  tide  ;  thus,  as  appears  to  us, 
would  the  labour  of  a  man  be  faved,  who  according  to  the 
preient  conftru£iion  muft  attend  the  water-wheel ;  and  all  the 
additional  apparatus  now  requifite  to  fhift  the  fpur- wheels 
would  at  the  fame  time  be  faved,  and  a  consequent  diminution 
of  original  expence. 

Turning,  the  art  of  forming  hard  bodies,  as  wood,  ivory, 
iron,  i^to  a  round  or  <)val  (hape  by  means  of  a  macliine  called  a 
fatie.  This  art  was  well  known  to  the  ancients,  and  feems  to 
have  been  carried  by  them  t^  a  very  great  degree  of  perfeftion  f 
at  leaft,  if  we  believe  the  teftimony  of  Pliny  and  feveral  oth^ 
authors,  who  tell  us,  that  thofe  precious  vafes  enriched  with 
figures  in  half-relief,  which  ftill  adorn  our  cabinetiSj  were  turned 
on  the  lathe. 

The  art  of  turning  is  of  confiderable  importance,  as  it  contri- 
butes effentiallv  to  the  perfedlion  of  feveral  other  arts. '  The 
archite^i  ufes  it  for  many  ornaments  both  within  and  withotit 
highly  finifhed  hcmfes.    The  mathematician,  ihe  aftronotfief| 
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a|id.tfa^  nati^ml  philofopher,  have  recour£?  to  it|  not  onlv  to 
f  mbellifh  their  anftrumentSj  but  atfo  to  give  them  the  heceiuiy 
dimenfion  and  precifion  :  and  it  is  an  art  abfolutel^  neceilary  to 
t^e  eoldfmitby  the  watchmakeri  the  joinerj  and  the  fmith. 

lurning   is   performed  by  the  lathe^  of  which  there   att 
various  kinds^  and  feveral  iiiftrumentSi  as  gouges^  chifels,  driil^ir 
Jbrmers,  fcrew  tales^  ufed  for  cutting  what  is  to  be  trurned  into 
its  proper  form  as  the  lathe  turns  round.    The  moll  fimple 
kind  of  lathe  is  a  well-known  inftrument,  and  need  not  be 
diefcribed  here:   the  improved   lathes   manufa£kured   by  Mr 
Henry  Maud/lay^  of  Margaret- ftreet,  Cavendiflh-fquare,  arc  the. 
inollt  curious  as  well  as  the  moft  ufeJPul  bf  any  we  havie  feei\v 
Mr.  J,  Fareyj  jun.  who  took  the  drawings  of  thefe  degant 
jjpecimens  of  mechanical  ingenuity,  has  accompanied  them  with 
^  defcriptioni  nearly  as  below.     A  (pi.  XXXVI.  fig.  i.)  is  the 
great  wheel^  with  four  grooves  on  tne  rim :  it  is  >yoTked  by  a 
crjnk  15  and  treadle  C^  in  the  common  way  ;  the  catgut  which 
goes  rour^d  this,  wheel  paiTes  alfo  round  a  fmaller  wheel  D, 
called  the  mandrel^  which  has  four  grooves  on  its  chrcumfercmce 
of  different  diameters  for  giving  it  difFerent  velocities,  corre* 
^nding  with  the  four  grooves  on  the  great  wheel  A.   In  order 
to  make  the  fame  band  fuit,  when  applied  to  all  the  different 
grqoves  on  the  mandrel  D,  the  wheel  A  c^n  be  elevated  or 
deprefTed  by  a  fcrew  a,  and  another  at  the  other  end  of  the 
»xle  9  and  the  conne£ling-rod  C  can  be  lengthened  or  fliortened 
Ijy  fcrew ing  the  hooks  at  each  end  of  it  further  out  of,  or 
into  it*   The  end  M,  fig.  2.,  of  the  fpindle  of  the  mandrel  D,  is 
pointed,  and  works  in  a  hole  in  the  end  of  a  fcrew,  put  through 
the  flandard  £,  fig.  !•  \  the  other  end  of  the  bearing  F,  fig;  ^.  i$ 
jconical,  and  works  in  a  conical  focket  in  the  flandard  F,  fig.  r. 
io  that  by  tightening  up  the  fcrew  in  £,  the  conical  end  F  tnay 
at.  any  time  be  made  to  fit  its  focket :  the  puppet  G  has  a 
qylindric  hole  through  its  top  to  /receive  the  polifhed  pointed 
rod  dy  which  is  moved  by  the  fcrew  r,  and  fixed  by  the  fcrew  JO 
the  whole  puppet  is  fixed  on  the  triangular  prif^^atic  bij^t,^^ 
by  a  clamp  fig.  8.,  the  two  ends  of  which,  ^,  3,  are  put  through 
holes,  bf  in  the  bottom  of  the  puppet  under  the  bar,  and  the 
whole  is  fixed  by  the  fcrew  c  preffmg  againft  it :  by  this  meiATS?| 
the  puppet  can  be  taken  off  the  bar  without  firff  taking  ofl'fHc 
{^andard  I,  as  in  the  common  lathes:  and  the  triangtrjar  Iraf  \i 
found  to  be  far  preferable  to  the  double  reQangular  oneiri  bovA^ 
Tjfion  ufc.    Ilie  reft  J  is  a  fimilar  contrivance;  it  is  in  three  pieces  t 
fee  figs.  3,  4,  and  5.     Fig.  4.  is  a  piece,  the  openixig  [a^  b]  cX  hi 
which  is  laid  upon  the  bar  H,  fie.  i.';  the ' four  fc^  dddd  of 
£^.  5..  are  tlien  put  up  undertlie  bar  (into  th^rece&s  m'figV4v 
which  are.inadc  to  receive  them)  'fo  that  the  nptchei  in  dWiFj( 
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may  be  Wrtl  with  the  top  of  fig.  4»»  ^e  two  beads  jf  /  in  fig.  j[. 
ai^  then  Aid  into  the  Mlcbe$  in-thc  top  of  iiddyAp  4*  to  keepr 
the  whole  together  \  die  groove  1.  i$  to  teceii^  a  oorre(pooding 
piece  on  ef^  fig«  3^  tq  fteady  it }  the  whole  of  fig;  3*  has  a ' 
metallic  covers  to  keep  die  chips  out  of  the  giropres:   It  is  ptain, 
that  by  ti^tening  the  fcrew  h  in  the  bottom  of  £tz.  4.  the 
w;hoIe  mil  be  fixed  and  prevented  from  Aiding  along  the  batH» 
and  fig.  3.  from  Aiding  ih  a  dire£tion  perpenmcularto  the  bar;\ 
the  piece  />  fig.  3.1  on  which  the  tdolis  Isud»  can  be  raifed  or 
lowered  at  pleafore»  and  fix^d  by  the  fcrew  i».    On  the  end  «r 
of  the  fpindle  P»  figs.  i.  and  a.»  is  fcrewed  oecafionaliy  an - 
univ^fal  CHUCK  for  hokKlig  any  kind  of  work  which  ia  to  her 
turned,  (fee  fig.  6.  )•  A  is  th^  female  fcrew  to  receive  the  fcmw  n^- 
fi[g.  I.;  near  the  bottom  61  the  fcrew  A  is  another  fcrew  BB^ 
vmich  is  prevented  from  mopving  endwap  by  a  collar  in  dier 
middle  of  it  fixed  to  the  fcrew  A  :  one  end  01  tlie  ferew  BB  i» 
cut  right  handed%  »id  the  other  left  banded i  fo  that  by  turning 
the  fcrew  one  way,  the  two  nuts  £F  wiU  recede  fram  each 
other,  or  by  turning  it  the  contrary  way,  they  will  advanor. 
towards  each  other:  the  two  nuts  £F  pad  through  an  opening 
in  the  plate  C,  and  prpje^l  beyond  the  fame,  carrying  jaws  Hke* 
thofe  of  a  vice,  by  which  the  fubjeA  to  be  tamed  is  held. 

For  turning  faces  of  wheels,  hoUow  work/  &c.  where  great 
accuracy  is  wanted,  Mr.  Maudfio^j  has  contrived  a  curious 
ipparatus  which  he  caJJs  zjlide-t^j  reprefented  by  fig.  7.,  where 
!^E£  is'  the  opening  to  receive  the  bar  H,'  fig.  i .,  and  it  is  fixed* 
by  the  clamp,  fig.  8.  as  before  dcfcribed :  the  tool  for  cutting,  .&c. 
is  fixed  in  me  two  holders  A^  by  their  fcrews ;  thefe  holders  are 
faftened  to  a  Aiding  plate  a^  which  can  be  moved  backwards  and' 
fbrwards  by  the  fcrew  Cy  caufing  the  tool  to  advance  or  recede ; 
fig.  9.  reprcfents  the  under  fide  (turned  upward)  of  the  part  AA, 
in  which  the  fcrew  c  is  feen  fixed  at  each  end,  and  me  nut  i, 
which  ^  is  attached  to  the  underfide  of  the  plate  a,  working  upOft 
it    When  it  is  necefiary,  as  in  the  turning  of  the  iimde  of 
cones,  &c.  that  the  tool  (hould  not  be  paralld  to  the  feiitdle  P, 
the  fcrew  e  and  another  fimilar  one  behind  mud  betoofened, 
the^  tool  iet  at  the  proper  angle,  and  then  be  icrewed  tight 
9gain.    In  order  to  make  the  piece  A  A  move  truly  when  it  n 
turned  round,  there  is  a  hole  />  fig*  9«,  to  receive  a  knob  gi 
j^g-  I4«f  npop  the  phte  B,  which  a  As  as  a  centre,  tnd  keeps  it 
in  its  place:  there' are  three  holes  on  each  fide  is  the  {dateBi 
fig.  1.2.,  to  put  the  fcrew  e  in  at  difierent times,  thus  giving  tb 
the  tool  ra  greater  range  thin  thfi  ctrcula^^  openings  SS  wiH 
l^oiit^.    The  part  E££E,  -rtpivfenfeed  feparatdy,  and  toverted 
?i  |J::^fij  ¥  ^f  c?^«"^9n>  ^  t»s>'fcre!W:A  working  in  it  fimilar 
to  fi^.  9.  i  die  hut  of  this  fcrew  Is  attached  to  ^e  bottom . of  ^ 
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Aide  H»  fig.  i*i«»  at/,  wMcliffides  in  the  ffM>vef,  fig9«  7.  and  ic  ^ 
arose  «nd  of  it  U  a  box  contattiing  «  ter«iilr  ^y  to  be  heteafter 
dcferihcdy  and  ac  the  odier  is  a  fttme  of  brafs  KK*    Near  the 
fame  end  of  the  Aide  it  a  pin  Ly  profe^^ing  above  due  pfato, 
wfaisii  iv  put  through  an  opeamgi  J  in  fig.  1 2i«  to  fteady  it,  while 
the  odier  cndyi!  en  fig.  i2«,  i%  pot  through  an  opening  M  in  the 
hcxx  D»  fig.  II.    In  the  part  C  ia  an  obTique  flit  //to  receive  a 
itub  which  proje&a  from  the  bottom  of  the  nut  n,  worked  bj. 
the  ferow  m,  fig.  Ii.:  by  this  anrangemeiU  it  is  <^vioa8  that  if, 
the  £caeW  wrh^  worked,  the  ftcb^f  menut  «» aQing  againft  the 
Hide  of  the  fitt  //  as  an  inclined  plane,  Witt  move  it  either  back« 
worda  or  fiir wards  through  ihe  iif>e»iiig  M  |  a  metal  cover  r, 
^  %^»^  is  occafionatty  ptit  over  the  ^f«niiig  for  the  nut  n  anti 
fcioewmy.  to  prevent  die  chips  iirom  fbUiiig  in.  ^  Near  the  four 
oo£neas  of  the  frame,  fig*  it-i  are  fottr  fVnall  ptojeffcions  0006^ 
with  tncfined  fides,  winch  fit  into  the  four  openings  ppppd 
%s.  13.  and  7. ;  diele  openings  are  out  out  In  two  bx^s  plates^ 
whkfa  are  fcicwed  on  at  vight  angles  to  the  plate  BB^  figs.  7.  * 
and  13; ;  the  ends  qqqqoi  ukefe  plates  Aide  between  the  edges* 
of  the  frame  KK  and  the  boat  D,  fo'as  to  prevent  any  other 
motion  than  a  vertical  one,-----When  this  jViVib^^W  is  ullra,'  iku^ 
puppet  G  is  to  be  removed  or  pnflied  bade  further  from  F,  and 
tfae^tool  is  put  upon  the  bar  H,  figs.  I.^  and  fixed  in  the  place  of. 
the  reft  J  by  the  damp,  fig.  8*  %  the  diftance  from  the  cenire  is 
ia  adjnited  oy  the  fcrew  h^^  which  moves  t^  fiide^  fig.  11.  in  the 
grooves  f,  fig.  7.  and  xo.  with  tint  whole  apparatus  upon  it:  by 
the  fcrew  in,  figs.  7*  and  11.,  as  before  defcribed,  the  flide^ 
figi  la.,  may  be  mo^ed  in  a  dire£Hon  perpeilidicular  to  the 
bar^U,  fig.  I.;  and  its  projections  ^9  a&ing  againft  die  flits  ^^^ 
figs.  7.  aiul  13.^  as  inclined  planes,  will  raife  or  lower  the  plate  B 
as  is  required. 

The  tod,  which  has  been  before  fixed  in  the  holders  Ib^  can 
be  fet  at  iJie  prooer  angle,  by  loofening  the  fcrew  ^,  as  previoufly 
defcribed :  and,  laftly,  the  tool  with  the  holders  and  Aider  a  can 
be  advanced  or  withdrawn  by  working  the  fcrew  r.  The  nuts' 
gf  the  fcrews  rand  ^,  fig.  7.,  are  not  fcrewed  faft  to  the  Aiding 
plates,  but  are  held  by  two  pins  /,  fig.  it.,  which  fit  into 

Eooves  If,  fig*  10.,  in  each  fide  of  the  nut :  by  thefe  means,  the 
ding  plate  can- at  any  time  be  taken  out  by  only  unfcrewing 
onetrf  the  farafs  fidea^rom  the  groove  i,  witliout  taking  out  the 
fcrew  and  nut.  In!  older  to  make  the  grooves  always  fit  their 
flsdcs,  the  two  pieces  of  brafs-^y,  fig.  7.,  which  compofe  the 
fides  of:  dfes  gmoee,  have  elliptic  holes  for  their  fcrevot  v,  fo  as 
toadmit,^  .wheii  the  .fcrews  are  iteckened,  of  being  pufiied 
fnnmrdsi  by  ^he  foiews  w^  wbk^  work  in  a  lump  of  metal  caft 
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The  Ijfrge  la  Acs  wliicb  Mr,  Msnidfla^  iif4*s  In  ld«  manbfac* 
tory,  inftead  of  being  worked  fey  die  foot,  as  reprefonted  in 
fig.  I.,  are  worked  by  hand  ;  the  wheel  and  fly-whed  which  the 
men  turn  works  by  a   ftrap  on  anot!ier  wheel,,  fiiced  to  the 
ceiling  direfily  over  it ;  on  the  axis  of  thia  wheel,  is  a  larger 
^  one,  which  turns  another  fmall  wheel  or  pulley,  fixed  to  the 
ceiling,  direftly  over  the  mandrel  of  the  lathe ;  and  this  lalt 
has  on  its  axis  a  larger  one  which  works  the  mandrel  D,  by  x 
fcind  of  catgut.  Thefc  latter  wheels  are  fixed  in  a  frame  of  caft- 
iron^  moveable  on  a  joint ;  and  this  frame  has  always  a  ftmng 
tendency  to  rife  up,  inconfequencc  of  the  adlion  isi  a  heavy 
weight  J  the  rope  front'  which,  after  paffing  over  a  puUey,  is 
faftened  to  the  n-ame  :  this  weight  not  only  operates  to  keep  the 
mandrill-band  tight,  when  applied  to  any  of  the  grooves  therein^ 
but  always  makes  the  (Irap  between  the  two  wheels  on  the 
ceiling  fit.     As  it  is  necefiary  that  the  workman  ihould  be  able 
to  flop  his  lathe,  without  the  men  flopping  who  are  turning  the 
great  wheel,  there  are  two  pulleys  or  rollers  (on  the  axis  of  the 
wheel  over  the  lathe),  for  the  ftrap  coming  from  the  other  wheel 
on  the  ceiling;  one  of  thefe  pulleys,  called  the  dead  pulley^  is  fixed 
to  the  axis  and  turns  with  it,  and  the  other  whith  HipsTOund 
it,  is  called  the  livepullfy:  thefe  pulleys  are  put  clofe  to  ewrh 
Other,  lb  that  by  flipping  the  ftrap  upon  the  live  ^ii//^,  it  wiil 
hot  turn  the  axis;  but  if  it  is  flipped  on  the  other*  it  wiii  turn 
with  it :  this  is  effefted  by  an  horizontal  bar,  with  two  upright 
pins  in  it,  between  which  the  ftrap  paflTes.    This  bar  is  moved  in 
fuch  a  direftion  as  will  throw  the  ftrap  upon  the  live  pvlley,  by 
means  of  a  ftrong  betl-fpring ;  and  in  a  contrary  dire6^ton  it  is 
moved  by  a  cord  faftened  to  it,  which  pailes  over  a  pulley,  and 
hangs  doM'n  within  reach  of  the  workman's  hand  :  to  tins  cord 
is  faftened  a  weight,  heavy  enough  to  counterad  the  beU-fpring^ 
gT]d  bring  the  ftrap  up  to  the  dead  pulley,  to  turn  the  lathe  $ 
but  when  tjie  weight  is  laid  upon  a  little  flielf,  prepare  far  the 
purpofe,  the  fpring  will  a6t  and  ftop  it. 

Mr.  Maudflay  has  likcwife  feme  additional  apparatus  for  €ut<« 
ting  the  teeth  of  wheels,  in  which  the  face  of  the  mandrel  D, 
fig.  I.,  has  fcventeen  concentric  circles  upon  it,  eadi  divided 
into  a  different  number  of  equal  parts,  by  fmall  holes.  ThcoB  if 
a  tl)in  ftop,  X,  fig.  i.,  which  moves  round  on  aicrew^  fixed  in 
the  ftandard  F :  this  ftop  is  made  of  thin  ftcd,  and  is  fo  fixed, 
that  when  it  is  turned'up,  and  its' point  infcrtcd  into  anyaofthc 
ilivifions  of  the  mandrel,  It  will' have  a  iutiicient  fpring  to  koep 
Jt  there  :  the  wheel  to  be  ciit  is- faftened,  by  means  ofa  chuek, 
tfi  theTcrew  //,  and  after  it  has  becfrt  turned,  and  brmight  to  the 
ppoperftiapc,  the 'reft  J  is  to  be  taken  awafy,-  and  the  flide^toot 
'  hititutcd :  afquare  bat  h  then  put  into  the  t«t«h6lders,f  ^)fi|^7«l 


m  ■ 

Smart's  Turning  Apparatus*  fi^j^ 

this  bar  has  two  branches  for  holding  thie  cpds  of  a  fpindk, ' 
near  one  end  of  which  is  a  pulley,  and  at  the  other  are  fpur 
chifelS)  6xed  perpendicularly  into  the  fpindle  for  cutting  out  the 
teeth  (inftead  of  the  circular  faw  commonly  ufed) :  the  pulley  is 
turned  (with  the  intervention  of  feveral  wheels  to  augment  the 
velocity)  by  the  fame  great  wheel  as  the  lathe,  with  7300  re- 
Tolutions  per  minute  i  the  mandrel  is  then  fixed  by  the  (lop  x^ 
fig.  I.,  and  the  cutter  advanced  towards  the  wheel,  by  the  fcrew 
O'^S*  7-'  ^ben  it  has  cut  that  tooth,  the  cutter  is  withdraw^ 
and  the  mandrel  turned  to  another  divifion,  and  a  tooth  is  ciu 
again  as  before.  .  At  that  part  of  the  frame  of  the  cutting- 
fpindle  where  the  bar  which  is  fixed  in  the  holders  of  thcflidc* 
tdol  €onne£^  with  the  two  branches  there  is  a  join^  by  whicli 
the  cutting-fpindle  can  be  fet  in  an  inclining  poGt'on,  for  cut- 
ting oblique  teeth  like  thofe  which  are^  to  work  with  an  endle& 
fcrcw.  I'he  great  velocity  with  which  this  fpindle  turns  foon 
generates,  by  fridion  and  refiftancey  a  degree  of  heat  fufficien| 
to  expand  it  v^y  fenfibly :  but  this  ingenious  mechanift,  fore- 
feeing  fuch  a  circumftance,,  has  judiciouily  compenfated  for  i^ 
in  his  conftrudion,  by  making  the  fpindle  fo  Ihort  as  to  plajr 
loofely  in  its  fockets  at  the  commencement  of  the  motion  ;  but 
after  a  few  feconds  the  expanfion  is  fuch  as  to  caufe  the  ^holc 
to  fit  together  as  it  ought  to  doj  and  the  work  of  cutting  to 
proceed  with  accuracy  and  fafety. 

• 

'  Another  fldlful  mechanic,  Mr.  Smarts  of  Ordnance  Wharf^ 
Weftminfter,  whofe  chimney-cleanfers,  and  faws,  have  been 
noticed  in  earlier  parts  of  this  volume,  has  made  fomevery  ufe- 
fal  improvements  in  the  art  of  turning,  and  particularly  has 
ftruck  out  a  fimple  method  of  turning  cylinders  and  coneSj  inr 
wood.  The  figures  to  illuftrate  his  turning  machinery  are 
given  in  pL  XXVI.  (figs.  3.  4.),  where  the  legs  or  ftiles  L,  the 
puppets  A,  B,  the  cheeks  0,  <?,  the  pikes  and  ferews,  M,  N,  R, 
with  the  handle  D,  are  but  flightly  varied  from  the  ufual  con- 
fttudion.  Round  the  mandrel  E  pafTes  a  band  F,  F',  which 
tlfo  encompafles  a  large  wheel  not  fliewn  in  the  figure;  and 
when  this  large  wheel  is  turned  round  with  moderate  fvfriftncfi^ 
it  communicates  a  rapid  velocity  to  the  mandrel  £,  and  the 
long  piece  of  wood  G,  which  is  propofed  to  be  made  cylindricaL 
This  piece  is  previouHy  hewn  into  an  o£l»gonal  form.  The 
cutting-frame  H  contains  a  (harp  iron  tool,  which  is  to  anf^^er 
the  purpofe  of  tl^  commoti  turning^gougej  and  which  is  flttec) 
into  the  frarme  fo  as  to  projeft  a  little  beyond  its  inner  part,  after 
the  manner  of  a  carpenter's  phfne-iron  for  round  or  ogee  work^ 
Then,  whtk'the  piece  G  is  turning  fwiftly  round  by  d  mitt 
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iBirorking  at  ^  {reat  wheels  Mckhet  tnan  puihes  the  frame  H 
gentlj  on  from  L  towards  M|  the  lower  part  of  that  frame  fitting 
between  the  checks  ^  0,  and  flidlng  along  between  them.  By 
ihh  pfocefSf  the  piece  G  is  reduced  to  a  cylinder,  moderately 
fmi»oth  i  *at)d>  hi  order  to  render  the  fmoothneijs  as  complete  as 
need  be»  a  iecond  cutter*  and  its  frame  I»  adapted  to  a  rather 
fmoUer  <ylinder  than  the  former*  is  puflied  along  in  like  man* 
ner  from  i><to  M«  litis  operation  may  be  performed  with 
fuch  fpeed,  that  a  very  accurate  cylinder  of  6  feet  lon^,  and  4 
inciiei»  diametcTt  may  be  fixed  to  tne  lathe  and  turned  m  much 
left  tliaii -a  minute. 

Mr.  Smart  turns  a  conical  end  to  one  of  thefe  cylinders  with 
gr^t  fadlity,  by  means  of  a  cutting-blade  fixed  in  an  iron  hol- 
low conical  frame  Kt  the  fmaller  end  of  which  admits  the  pike 
froov  the  icrew  S  (fig.4.)»  to  which  one  end  of  the  cylinder  G 
IS  attached ;  as  the  cylinder  turns  rapidly  round,  the  cutter  K  is 
conduced  gjfemly  along  it  by  means  of  the  hollow  frame,  ^nd 
foon^  giv€^  me  conical  fliape  to  the  end  of  the  cylinder,  as  re« 
quired. 

Some  knportant  dire&ionis  fcH*  turning  fcrews,  ovals,  tubes, 
rsfe-work^  fwa(h«^K^rk,  ice.  may  be  fccn  in  JHcxon^s  Mechanic 
Exin^ei^  the  infdrtion  of  them  here  would  occupy  more  room 
than  is  comoatible  ^th  the  phin  of  this  work.  See  alfo^  ^  Tour 
poor  faire  iza^  Arbre  toutes  Sortes  de  Vis,  par  M.  Granijean^* 
in-***-R*ecilclld^S' Machines  et  -  Inventions,  approuvees  par 
TAcad*  •Roj'.  des^cienfcesj^'- tomv  r.-;  and  Mr*  /f>fl/K's  method  - 
o£  isutting  -fcrews  ik  theL  common  tuming^lathe,  in  TUloch's 
Pbil-  Mag.  V4^.  xix.   '    ' 

WATGHj^^tt  Titiall  portable  machine  for  meafurlhg  timej. 
having  itimofioHcommoifly  regulated%y  a  fpiral  fpring.  -Per-  - 
hapSyihiSly  fpeakingy  watches' are- all  fuch  moyementsas^^tt^ 
x!a^  purts^of  tithe  V?«^  clocks  are  fuch  as  pubTtflf  theni,by  fthkbg 
on X hiW'^ •  dicv  iBufi  conanfionly^  the  term  watdi  is^ appropriated^ 
to  fuch  a^  ar^'oattied  in  the  pocket  j  and  dock'  to  tbe  large 
moveMtots,  whetlier  they-ftrike  the  hour  or  not  ^ 

•Sf$*iftg^tr  PifHiuium  WATfium  ftand  pretty  muck  on  the  fame 
pmei^e-Wilh  penduhini  clockst     For  if  :a  pendulum,  -defcrib*' 
ing.fmall%i^cmar  arc^,  make  vibrations  of  unequal  lengths^  ia 
eqUaktim^^f  it-'is  b^taufe -it  defcrihes  the  greater  zic  wi^  a  ' 
gneatef  Vifoeit^;*  fo-a  Ibfing  put  in  nK>ttoh,  and  making  greater  ^ 
and^'left^W^ntf]'  as  it  is  chore  or  le&  flilF,  and  as  it  has  a  ' 
grifSMNM^i^T  Ms'd^gfitic  of  motion  given  it,  performs  them  nearly 
in  equat'fiiteftv  -nence^  as  tbe  Vibrations  of  the  pendulum  had 
been  s^li^ditd  hrg^  clocks,  to  tedify  the  inequality  of  their 
motions}  'fe;  to  corre^  l9ie  unequal  motions  of  the  balande  in  ^ 
«|tdM^;ii4p^  Is  a«MM,  bf  theifbchrontfo  0^  Wbofe  vibra-- 


tions  th^xofte^cm  is  tp  be  afieff^ed.    ThcCpving^is  ufuaUf  .•- 
nrottivd  into  a-  {piralv  that,  in  the  UttLe  compaift  ofit^di  %  ^'  - 
inaf  be  as  bng  a&  poffiUe ;  and  may  kant  ftiwgth  «MiUgh  QOl 
tabemaftered,  and  dragf«d.aboat>  by.thfi  incfqa^Utier  ef  fh<^ 
balance  it  is  to  regulate.    The  vibtatione  of  tlie  two  ptrt0»  via» 
the  fpring  and  the  balance^  ihould  beef  .<he^falne  ikpgth^  bitf 
fo  adjttfted,  as  that  the  fpring,  being  nu>re.  regular,  in  the  lenglh. 
of  its  vibrations  than  the  balance,  may  oecaponattycpoiaittoieattl 
its  regularity  to  the  htter.  •  .,•...,'       ^ 

Striki/ig  yf  ATCHh^  are  fuchaSv  befides  iht^  propAT:  watsdh* 
part  for  meafuring  of  time,  hare  a  clock* part  Jqifx  ifarikiiigjthil. 
hours,  &Cf^  "^   "  :      *.;•*.'• 

R^eqting  Watches  are  fuch  as  fay  pultiag.  i  ftvlngfti&e* 
repeat  die  hour,  tjuarter,  or  minute,  at  any  time  c^«<the  .<by  or  . 
night.    This  repetition  waa  the  iav^ntion  of  Mr.  -fi^rtowij  an<l . 
firft  |9ut  in  pra^ice  by  him  in  larger  naovei9eQfta0r/cl9<k»iabo«t 
the  year  167^^    The  contrivance  immediately  ifei  the  t?Qlhttr  * 
artifts  to  work,  who  foon  contrived  -divert  waya  of  eff^iai^  th« 
fame:  but  its  application  to  pocket-watches  was  not  kiMQwa. 
before  king  James  the  Second's  foign  \  when  the  ingeaiOMi  in-* 
ventor  above  mentioned,  having '^  dirked  Mr-  Tjiomplbn  to 
make  a  repeating  watch,  »ra$  foliciting  a  patent  for  the  iamt^ 
TKe  talk  of  a  patent  engaged  Mr.  Quare  to  refeme  ^heth^iq^ 
of  a  like  contrivance,  wnich  he  bad  ha^  i|i  viewibme  y^lta  b^  . 
fore:  he  now  effe^ed  it;  and  being  ptefled  to  endeavour  ta 
prevent  Mr.  Barlow's  patent,  a  watch  of  ^u^  kind  was  pfo- 
duced  before  the  king  and  council  \  upon  trial  <tf  whkbi  ,4)C 
preference  was  given  to  Mr.  Quare's.   .The  difference. between 
them  was,  that  Bartow's  wae  made  to  repeat  by  ptKhing  itv  tiro 

Eieces  on  each  fide  the  watcii-boz }  one  of  which  repealed  the 
ottr,  and  the  other  the  quarter :  wfaereasC^ace'^  w^  made  t« 
repeat  by  a  pin  that  ftnck  out  near  the  pendaoit,  whk;^  Mng 
thrufi  in  (as  aow  it  is  done  by  thvufting  in  the.peodant  i^lf}t 
repeated  both  the  hour  and  qnartesr  with  the  bn^  thnift« 

Of  the  AUchamfmofm  Watch,  pvpperly  fo  caUpA.  Wtfifiehe^ 
as  weH  as  cfecks,  are  compofed  of^  wheels  aikd  nimoqit  aotd  ja 
regulator  to  dire  A  the  quicknefs  or  flgwaeis.of  die  wheels  ^mqA 
of  a  fpring  which  communicates  motion  to  the  w|i«ie  Wicbilie* 
But  the  regulator  and  fpring  of  a  watch  are  vaftly  Memv  m 
the  weight  and  pendulum  c^a^clqicky  neitfaer  of  wUdican  be 
employed  in  watches.  InftMd  of  a  pendubtm^  4hceelorc^  utt . 
are  obliged  to  «fe  a  baUuice  (pL XSXUI*  fig«  i#).  149  regntgr  , 
the  motion  of  a  watdi ;  and  a  fpriag  {fi{«i  a«)  ^rhidb^'AlfvMi  in- 
Aead  of  a  weight,  to  give  motion.to  the:xwheela  4nd  baJ^IKBf^     • 

The  wheels  of  a  watch,  Uke  tWc^of  a cbok,  ^re  pi«cf4  io!*  . 
feme  kirmod,o£  twopbt<p»4»d.foui>pitof»a  .fig^Ss^i^tpieitnci 
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the  infidc  of  a  watcb«  after  tlic  plate  (fig.  4.)  13  taken  crfT.  A 
h  the  banel  wbkh  contains  the  fpring  (6g«  2.)>  ^^^^  chain  15 
roiled  about  the  barrel  with  one  end  of  it  £xed  to  the  barre)  A^ 
(fig.  5.),  and  the  other  to  the  fufee  B« 

When  a  watch  is  wound  up,,  the  chain  which  was  upon  th^ 
barrel  winds  about  the  fufee,  and  by  this  means  the  iprkig  is 
ftretched  ;  for  the  interior  end  of  the  fpring  is  fixed  by  a  hook 
10  th»  imHiOTeable  axis  about  which  the  barrel  revolves  i  the 
^exterior  end  of  the  fpring  is  fixed  to  the  infide  of  the  barrel^ 
which  turns  upon  an  axis*    It  is  therefore  eafy  to  perceive 
how  i|^  fpring  extends  itfelf,  and  how  its  elaiticity  forces  the 
barrel  to  turn  roundy  and  confequently  obliges  the  chain  which 
is  upon  the  fufce  to  unfold  and  turn  the  fufi^e :  the  motion  of 
ihe  fttiee  is  communicated  to  the  wheel  C  (fig.  5.) ;  theui  by 
.means  of  the  teeth^  to  the  pinion  r,  which  carries  the  wheel  As 
then  to  the  pinion  Jf  which  carries  the  wheel  Ej  then  to  th^ 
IMnion  fi  which  carries  the  wheel  F;  then  to  the  pinion^^  upon 
which' is  the  balance-wheel  6»  whofe  pivot  runs  in  the  pieces  A 
called  the  potdtMe,  and  B  called  a  JH/owcr^  which  are  fix^d  on 
the  iihittf  fig.  4.    This  plate,  of  which  only  a  part  is  reprtfeipited^ 
is  applied  tothat  of  fig.  3.  in  fucb  a  manner  that  the  pivots  of 
the  wheels  enter  kito  holes  made  in  the  plate,  fig.  3.    Thi|s  the 
imprefied  force  of  the  fpfing  is  communicated  to  th^  wheels: 
and  the  piniony  being  then  conne£ted  to  the  wheel  F|  obliges  it 
tti  turn  (fig.  5. )    This  wheel  a£b  upon  the  palettes  of  the  v^xse 
.T,  %  (fig.  !.)>  tl^e  a»S'Of  which  carries  the  balance  HH  (fig*  u). 
The  pivot  ly  in  the  end  of  the  verge,  enters  into  the  hole  f  in 
Ae  pdfcance  A  (fig.  4.^].    In  this  figure  the  palettes  arerepro- 
fented;  but  thjs< balance. is  on.  the  other  fide  of  the.platej  as 
may  be  feen  ii>  iig.^  6.     The  pivot  3  of  the  balance  enters  i^to 
t  hole  of  the  iock  BC  (fig..  7.),  a  perfpediyc  view  of  whidi  is 
teprefented  in  £g»'K«    Thus  tliebsjance  turns  between  the  cock 
aiid'the'potait<;e  r(iig.  4.),  as  in  a  kind  of  cage*  .  The  a^flipn  of 
the  balance* wheel  upon  the  palettes  1,2  (fig..  iO>  is  the  fame 
wittv  what  ^e  have  defcribed  with  regard  to,  the  jfame  wheel  in 
Ae  clock ;  r.  ^.  in  a  watch,  the  balance-wheel  obliges  the  ha- 
iancO  to  vikrate  backwards  and  forwards  lilge  ap^duluni' .   At 
each  vibration  of  ibe  balance  a  palette  allows  a  tooth  of  the  ba^* 
Imie^whtel  to  efcape ;  fo  that  the  quickneD)  of  the  0otJon  ^of 
diewheols  is  entirely-determined  by  the  quickni^s  of  the  vibra* 
timi#i>f  the  trance;  and  tliefe  vibrations  of  the  balance  afid 
^motfofi  ofc  the  wheels  are  produced  by  the  a£lioii  ,pf  the  ipring. 
But'dlke/^oknefs  or  ilownefs-  of  the  vibration^  of  the  halanfii 
.'.^cjpcnd*  not  folely  upon  theatSlioa  of  the  great  fjp^ng,.  t^ut 
:chiefly^ii|iOzl.the  a&ion  of  tl%e<  fpring  a,  ^,  <;»HC^ka//^J^fni/ 
'  J$^''^-(%  9-)>.:<>(vs^  P9d^r:th(;balaace^t.and.r£^re^n^4 
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in  perfpectrvic  (fig.  6.).  The  crfcrior  end  of  the  fpiml  Is  fix^d 
fo  the  pin  ^  (fig.  p.).  This  pin  is  applied  near^tbe  phte  hi  o 
(fig.  6,)  ;  the  interior  end' of  the  fpiral  is  fixed' by  a  peg  to  the 
centre  of  the  balance.'  Hence  if  the  balance  is  turned  upon  il^ 
feif,  the  plates  remaining  immoveable,  the  fpring  will  extend 
itfelf,  and  make  the  balance  perform  one  revolution.  Now, 
after  the  fph*al  is  thus  extended,  if  the  balance  be  l^it  to  it- 
felf, the  elafticity  of •  the  fpiral  will  bring  bade  the  baianee, 
and  in  this  manner  ihe  alternate  vibration^  of  th^  balance  are 
produced. 

In  fijg.  g,  all  the  wheels  above  defcribed  arc  reprefented  ih 
fuch'a  manner,  that  it  may  be  eafily  perceived  at  firft  fight  hour 
the  motion  is^teommunicated  from  the  barrel  to  thfe  balance. 

^  In  fig.  10.  are  reprefentcd  the  wheels  under  the  dia]-p4ate  by 
which  the  hands  are  moved.  The  pihion  a  is  adjufted  to  tte 
force  of  the  prolonged  pivot  6f  the  wheel  D  (fig.  5.),  and  h 
called  a  cannon  pinion.  This  wheel  revolves  in  an  liour.  Thfc 
*end  of  the  axis  of  the  pmidn  n,  upon  which  the  minute-hand  is 
fixed,  is  fquare  ;  the  pinion  (fig.  10.)  is  indented  into  the  wheel 
5,  which  is  carried  by  the  pinion  n.  Fig.i  i.  is  a  wheel  fifxcd 
upon  a  barrel,  into  the  cavity  of  which  the  pinion  a  enters,  and 
upon  which  it  turns  freely.  Tliis  wheel  revolves  in  twelve 
hours,  and  carries  along  with  it  the  hour-hartd. 

Such  in  brief  is  the  general  mechanifm  of  ^  *  wateh  t  to 
*treat  rhe  fabject  to  the  extent  its  'importance  demands  would 
require  a  volunr.e.:  fome  parts  of  the  confttuttion  are  further 
explained 'under  the  words  balance  and  scAPEMENTin  this 
volume  5  but  for  more  ample  information  the  reader  muft  coti* 
fuk  fome  of  the;  treatifes  mentioned  in  our  general  catalogue  of 
writings  on  clock-work.  ' 

Mr.  Elliot,  of  Qerkenwell,  has  lately  invented  a  very  fimpile 
Repeating  watch;  ih  which  the  motion* is  performed  with  much 
fewer  parts  than  in  the  ufual  conftructton,  by  which  means  ho 
is  enabled  to  reduce  the  price  fo  fow  as  eight  guineas  for  a  good 
repeater  otitjiis  principle,  or  to  add  the  repesting-work  to  an- 
other watch  for  three.  - 
* '  The   method  by  which  this  ■  repeater  is  fo  mucb  fintpK- 
fied  is  by  the  ufe  of  a  fingle  part,*  fo  contrived  as  tor  perfom^ 
the  operations   of  feveral :  this  is,  a  fiat  riftg,  or  centrelds 
\vhecl,  of  nearly  the-  fame  diameter  as  the  watch,  fupported'in 
It's  place,  to  as  to  admit  of  circular  motion,  by  foui<  gnxiyed 
pulleys  placed  round  its  external  circumference,  in  ilie  *farme 
^manner  a's  the  fart  in  common  c!oe4csv/hich  denotes  the  modn^ 
;  age.  "This  part  is  put  in  motion  by  turning  the  petidant,  wfaofe 
;^cxtremity  is  formed  into  a  fmall  vertieSIl  wheel,  which  works*iti 
'^  teeth  ciit^oii  the  cxtchral- part  erf  the  flat  ring  for  almdft  athirB 
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of  4|s  drc^Mireflwce.  The  bwer  ]Mft  of -ife  ring  ecmtahts  tfit 
^108^  At  lii^t  angks  to  its  face,  yrkkh  lift  the  haimiDers  for 
firiking  the  hours  smd  qtttrten  ;  the  imenud  part  of  the  ring 
coo.tai^a  iadciUatioQS  of  reguburif  inereafin9|  depflis,  which,  re- 
ceiving the  taib  of  the  kvers,  whofe  omer  extremities  aie 
■rtffied  bf  their  fprings  a]B:ainft  the  hoar-fnail  and  the  quarter- 
^il,  ia  by  them  wevented  from  moving  beyond  a  certain  de^' 
jgispt  ffOMT  for  the  timo:  after  the  pendant  is  turned,  the  ring 
IS  bii^ipgbt  hack  to  its  firft  potition,  by  a  box-fpriojr,  round 
which  a  &ne  chain  is  coiled»  whofe  extremity  is  conneAed  widi 
jhe  inner  part  ol  the  ling. 

.,  By  ttnening  the  pendant  to  the  left  the  hoar  is  struck,  and  by 
^umiag  it  to  the  right  the  quarters  are  repeated ;  and  ihe  re- 
jttinuog  fpring  jnft  mentioned  is  made  to  operate  in  both  d{« 
se^tioBSy  by  its  chain  palling  between  two  little  puUevs,  which 
#n  either  fide  convert  the  direAion  of  the  chain  to  the  line  of 
Sffa£lioo  of  the  fpring. 

.  Heaoe  it  as  evident  Ak  Cngle  flat  ring  performs  all  die  fbl- 
lowiag  operations. 
..  s*  sit  seceivps  the  motion  for  ftriking  the  hour  from  the^pen*' 

danc. 
'  2^  ^^  1  he  (ame  for  ftriking  the  quarters. 
:  3.  It  carries  the  pins,  or  teeth,  which  lift  the  hoor-hamme)'. 
•  4*  *^  The  fame  for  the  quarter-hammer. 

5.  It  contains  the  indmtations  by  which  the  hour-fnatl  opei* 

Bates  on  it  by  its  lever. 

6.  ^^  The  fame,  by  which  the  qiiarter-fnail  cfentes  onif. 

7.  It  CMries  the  part  tliat  recoils  the  movement  which  f^lla 

the  hour  to  its  firft  pofition. 

g.  It  carries  the  part,  for  the  fame  purpofe,  for  the  quarter-, 
flsovement. 

9*  h  contains  a  cavity^  which  moves  over  a  fixed  pin,  that 
preisent^  the  pendant  from  tuning  it  too  far. 

In  this  ringt  the  iame  parts,  in  three  mftances,  are  siade  to 
perform  ^Mibk  operations,  by  which  fimpHcky  of  conftniftioii  ^ 
IS  advanced,  apparently  to  its  gi^ateft  extent.    •  >      * 

WAiK^HMAN^s  NoeruMT,  the  name  pvM4b  t^fMt^  ^' 
mfofc  iaftdy  ceattived  to  nemedy^i  great  defeft  i9li  aft  imp^fia  ' 
nat  branch  of  the  police  of  great  cities^  that  (of  ui^UfUfkiJiipfj^  '* 
Evtay  tw«niy4b«ir  honra  funsiflies  Ibnie  inftaooi  of  tbt  tni^A 
tmcfcl  the  pseftae  fyftena,  by  the  depi«dati<m#  whldi^iiaiif '^ 
bW4i9iM»itted  in  the  tii^,  or  by  the  fetsi  aoddents'^adikR  "- 
Mcuritasa  a  negfea4if  ^iKHig  famiHss  ijmtff  e^iniw  N  mmH^'^ 
of-ftuM€»  fires.  A  ae^iaabte  maffiOM^  ^(flvfhi^l^  Sm ,  C*(.  ^ 
f^  4;iM|iUf-tM»Klc^  Hif^i^  «oiteffeHfaift>%ni  mmttc^fim  i4^^ 
icnMon  to  the  application  of  ^  mfechanital  check  i^o  Itndilf 


ffstft^  Mm  wipmnljr  of  wsiranclJ^  niiKnif6fft»  hod  'wl  othc^ 
ctaflei  oi  men  wbofe  dn^  reqairet  that  thejr  Ihovkl  attend  a( 
certain  phcea  at  appaiated  timet;  the  inflrilment  he  has  in* 
vented  -fer^tMt  porpofe  be  eallt  a  W^chmarCs  mSuMtf^  or  Lm* 

The  invenrion  confifts  prineipallf  of  a  lar^  borizonlrii 
wheel,  which  is  moved  umformty  round  crerr  12  hours  bf 
4;loGfc«work*    The  upper  side  of  this  wheel  is  divided  \ff  two 
eirclest  one  within  the  other;  the  outer  one,  or  pertphenry 
having  the  hours  and  quarters  marked  on  it,  wfaicii  mav  be 
tailed  the  lateral  side;  the  inner  circle  having  also  a  dial^wnieh 
nay  be  caUed  the  vertical  one*  The  fpace  between  thdecirclea 
or  dials  is  divided  into  celk^  each  cell  correfpondinr  with  % 
quarter  or  half-hour  of  the  different  hours  marked  on  the  dials  \ 
auid,  if  thought  proper^  the  cells  might  be  To  multipfiedy  at  that 
each  would  correfpond  within  a  period  of  five  tnimites.    Sudl 
is  the  upper  fide  of  the  horixontal  wheel,  which  may  be  made 
of  copper,  or  tin,  or  various^  other  materials,  and  is  about  o 
inches  tn  diameter.    The  under  fide  of  the  fame  has  a  bnw 
whtel  with  teeth,  diameter  3J.  inches,  fixed  to  its  central  part| 
the  teeth  of  which,  letting  in  with  thofe  of  a  fmaller  wheel  or 
pinion,  give  motion  hi  confequence  to  the  latge  horieontal 
wheel  (of  which  it  forms  a  part]  by  the  motion  it  receives  from 
the  pinion.    This  pinion  being  fet  in  motion  by  the  common 
clock«work  and  a  weight  or  fpring,vthe  revolution  of  the  horii* 
zontal  wheel  is  completed  once  in  twelve  hours,  and  thus,  re» 
gttlarty  goiing  s'ound,  will  at. all  times  fliew  the  time  of  day  or 
nigbt«    As  it  moves  round  it  carries  the  cells  abovo4iieiitioned 
under  a  kind  of  chink,  juft  large  enough  to  receive  a  token  of 
about  the  fize  of  ti  fardbiag*    This  chink  finks  down  from  An 
^Ktemal  brafs  box,  which  ts  fufficiently  large  to  admit  a  man's 
fingers  to  drop  in  the  tobm  by  an  external  apertinre  or  aioiah 
of  the  chink,  the  token  being  diraded  perpendicularly  through 
this  chiok  ielo  fuoh  cell  as  is  immediaitely  under  it,  and  wluch 
woA  eem^pcnd  i(Mth  the  time  of  night  or  day^    The  head  ofi 
the  cafe  of  me  machine  has  double  doora  in  frmit  \  the  outward  . 
4am  ecfun  the  whole  la^  together,  leaving  a  fuSctent  fpate 
abfefve  the  horieoetal  wheel  for  examiniDg  the  tokens  and^tdd^g- 
4»sm  Anpua  the  oaUi^  er  (or  removing  the  wheel  when  neocAry. 
A  AeaUer  doer  epens  in  this  ]at|^  one  upon  the  brafs  box  above* 
auMiceed,  tbcepciMff  of  which  bekmgs  foklf  to  the  watch*  \ 
flMa^et fudi etiwr  pcmn as  auy  berequised  to  We  the fiune^  : 
fcc  Ae  pnvpofc  uf  feeing  the  time  tnd  chopping  his  telmis>  e  « 
aevMrte^dha  alfe  huii«  fiestd  under  the  h<Mir-tndet.    If  it  he  i 
freed  wmmmmmkm^  etMMnon^dhl^pIate,  to  %Ml  the  hiiva^ii 


^i mmutm^wuihk^  placed  idUadcff ^die mlfHm ithh  - ^Eb^ 
flreat  ouler  dopr  firft  mciiuoiied  i&  to  be  ofwofid  only  by.tbe  jn^ 
Ipeflor  or  ex^uniner  of  the  tokens*  and  oiiglit  lo  be  mU  fecored^ 
bttt^  fior  neater  iafeiy^  both  wainft  thieves  md  smtuAer^  theso 
is  an  inime  door,  in  which  the  tore-mentioned  biass  bos  is  fiied  ^ 
aiad  th|S  toneiP  dcxMr  bei^  openedy  throwe  into  view  the  hori« 
:ir»ntajl  wbeeU  fox  the  pui^rc  juft  fpocified.  Thefe  are  tbe  ef« 
fieiuial  parts  (^  the  ioventioa ;  the  difiemit  ap^dages  may  boi 
i^ariouiiy  modified.     .  ^ 

.  One  fufih  inftruoieat  as  i^is  being  placed  ai  eadi  end  ti  %. 
watGhoun'fi  loitnd^it  wiU  be  afcertuned  how  the  man  oontiDiiiedr 
his  movements  through  the  pight,  ti^  a  nicely  of  lo  nnnules^oK 
l^fs  if  required)  at  any  period  of  the  waesh ;  and  the  flighteft 
irregnlarhy  or  omiffion  will  be  dete£icd  the  next  mooiiag  by^ 
t))Q.p»rij9n  whole  o&cc  k  (hall  be  to  open  the  machloe.  No 
tjsick  or  fraud  on  the  watchman's  part  can  coumeraA  the  mme* 
Q^ejot  of  the  horizontal  wheel  comprising  the  cells  mtowbacb- 
the.  tokens  are  to  be  ckopped ;  each  oeli  is,  by  Ibis  coBtrira&ce^ 
like  time  itfelf^  irrevocaole^  when  past:  the  watchman  faae  mr 
<;pmmaod  over  it,  and  the  whole  wiU  be  a  kind  of  Ipeakbg  wk» 
nefs  of  his  dili^noetand^^elsiy  in  going  his  rounds,  anfweritif 
tbe  nejct  morning  te>  the  esa&  periods  he  either  was  #r  oti|^^ 
tp  have  been  there.  .4    . 

.  By  this  atisans  ihe  calls  e(  the  watdmen,  which  wer e  eniy 
m&ituted  for  thepuspofesof  his  gtning  noiiee  of  bentt  on  life 
duty,  wiU be fupesieded \  and  at ttonfideraUe eapenceof  otnmoL 
aakertion  will  b^  faved  lo  the  individual,  which  might  hetser  b» 
Ooavertied  into  that  of  agoing  his^nounds  twioe^  wfaeie  he  now 
^itnly-goes  once*  Warnings  lo  the  nightly  thief  of  thndy  attack 
or  retreat  will  like  wife  be  tgkea  away  ^  and  if  infteadof  aft^opeOy 
^  watchtnan  was  to  carry  a  dark*  kn^to,  shguwbbor  wrahl> 
have  no  fecuritf  whatsver-  in  caknkliag  the  mMiem  of  huf 
depredation,  and  might  be-detect»d  ia  the  viery  mttbt-of  his  at* 
tack»  as  the  flighteft  found  would:  alaimi  the  wnlchmaa  walking 
in  filence^and  net  drowning  diftant:  noifi(  >by  Ibat  oC'hift  owtf 

Of  the  objefkions  to  (his  new  mode  of  atfielioiatiilg  tte«naclii^ 
ieg  «f  cities,  the  only  one  feems»to  be  the  empmm  of  thn  tntttti 
pioqes ;  and  confideriag  tke>  number  whieh  the  iaager^psriimt 
wtU  have  occafion  for,  this  cxpcoee  will  be  fuppofed  •tanpoaadt^ 
bui  let  it  be  oonfidered  that  it.  will,  nevecamonnft  tn  iMttASiikaifr 
tjuee^peace  in  the  pound  of  a  rate  on  honiiss^afiAihattthe  AA^ 
will  be  the  Iple  expence-r-iprobably  to  ^be  fiived  khridtniinifliiB|\ 
the  number  of  patroI^s  to  one  half  (tirdc£i>-flf  wMtlbayfaMnat 
4re. .  But  trifling  indeed  will  be  tkft  ^iqwnne  lahoa  wmpat«4^ 


tikh  At  MRn  fdOftbied  by  the  ptrHie  in  ddpjpiBditkniff,  ^ichi 
M)dofdhig  tO'lkr4ate  wavk  eo  tk^  pblice  of  the  mctropoEsy  tuoovktitf 
totwo Dollimisaad upmtds  amuNdly; 
.The  bed  fitoaten  fe?  thefe  machines  will  be  at  each'^d  of 
a  watthfoan^s  round,  perhaps  certain  rounds  will  require  three. 
They  fHightto  (land  in  a  cdnvenierit  recefs  in  the  ftreet.  ftf^tired 
by  rivetings  of  irony  or  tet  ihto  a  waU»  or  placed  on  a  (Irong 
b^ehet  wkUnthe  iron  railing  of  an  area;  and,  if  the  dia& 
plates  were  filtered  to  appear,  would  be  ufeful  in  the  day  as 
weU  sb  is  the  nighu  as  an  eight-day  clock  it  would  reijuire  nc^ 
mttciiuon'  to  its  movement  but  once  a  week,  and  the  moraiilg 
InfpeAor  might  attend  to  the  flight  duty  of  winding  it  up.  ^ 

The  anaual  expence  of  keeping  it  in  repair  is  tootriilihg  to 
be  taken  notice  o£     ' 

The  fame  machine  will  anfwer  In  cuftom-houfesj  wate* 
boiifes,  b8nking<'>houfe8,  manufactories,  Ueacfaing-grounds,  and 
every  place  where  watching  or  other  attendance,  to  be  ufeful 
moft  oeezad:  even  feminels  on  military  duty  might  be  re*^ 
(yiifed  «o  leave  tokens  as  memorials  of  their  vigilance. 
«  Mr.  Bay  has,  we  underlband,  obtained  the  ufual  patent  for 
£settoiig  to  kimfelf  the  right  of  makioff  and  felling  this  i^ftru*'* 
ftieiKt^  yet  ferely  not  to  the  exclufion  of  others  invented  for  the' 
fame  purpofe:  tor  the  late  Marquis  of  Exeter  informed  the 
pttblic  more  than  two  years  ago,  tliTough  the  medium  of  Ni- 
oholfon's  PUlofophieal  Joumalf  that  a  clock  for  a  fim&ar  pbr« 
pole  hzA  been  invented  by  Meflrs.  Boulton  and  Watt  of  Bir* 
mkii^m,  whidi  coats  no  more  than  thirty  fliillings.  His  lord* 
fiiip-had  dien  had  two  of  them  at  Burieigh>HaH  mote  than  four 
years ;  andhe  gtvesthefollowing  defcriprion  of  them :  *'  "HieVgo 
eight  days,  and  have  a  face  like  a  clock,  but  do  riot  ftcike,  Ine 
iioA  §M6  rounds  and  die  hour-finger  is  fixed :  round  the  edge  of 
the  dial  are  moveable  iron  pins,  correfponding  with  the  quarters 
is  each  hour.  A  fmall  hammer  placed  behind  the  faour^finger, 
wJieU  iiMved  downwards,  puflies  into  the  dial  one  of  the  pins 
wUchhai^pena  tobe  under  it  at  the  time,  which  pin  remains  fo 
sdxifed  UDtii  the  dial  nearly  returns  to  the  fame  place,  when  by 
aa  indofed  phne  the  pin  is  raifed  up  into  its  firft  pofition.  This 
Mrds.tiMie  to  haive  the  machine  examined  in  the  morning,  to  fe6 
MW many  pint  have  been  ftruck,  and  at  i;tHbat  time  they  were 
jntktd  downwurda*  The  hammer  is  moved  by  the  pulling  of 
»p|Miiii  with  ^  handle,  like  houfe-door  bells,  which,  by  cranks' 
^nd-wireat  if  attached*  to  it.  I  have  one  in  my  ttbrarv,  th^ 
hMdW  it  out  of  doQBS.  The  other  machine  is  placed  in  a  build*' 
M|r  aife.tbe  crthev  €iid  o£m^  premiles." 

:■  WATER-MILLS^  the  general  tesm  bv  whtdbi  all  kinds  oi 
inlU»  wbid^'fatTe  a  ftreasi  of  %vater  for  their  firft  mover,  are 

ti  a 


iinvtti  fiy  wind  ror  die  purpofe  ^f  drainuig  water  out  of  fea 
lands  I  but  it  U  with  mor^  propriety  coafiiKd  to  the  pttoeding 

acQcjyutfOQ*  ^  . 

*  It  is  not  our  intention  in  the  prcfent  article  to  enter  nmutelj. 
nito  the  description  of  the  various  kinds  of  machinery  ddven  by 
water  at  an  a£kive  power,  but  tp  confine  ourfelves  to  a.  few 
general  remarks  U(>on  the  conilru^lion  of  that  part  only  whiciv 
IS  elTehtial  to  water-millsi  the  water-wbeel:  for  the  axis  of  thi& 
wheet  ntay  "be  employed  to  tranfmit  the  force  imjprefled  upon  ifr 
to  a|iy  fpecies  o^  machinery.  A  concife  view  ot  the  theory.  o£ 
-^ter-wWk;  together  with  a  tolerably  copious  ftatei^entot  thi^ 
experiments  and  refults  of  Sm^aton,  have  been  laid  before  thf, 
reader  In  book  iv.  of  our  firft  votume;.  we  propofe  now  to  pTQf| 
fent  fome  obfervations  on  their  ihapci  magnitude,  and  velocity,  , 

The  itioflr  general  divifion  of  water-wheels  is  into  two  kin4s«. 
tefutting  from  the  manner  in  which  the  fluid  is  made  to  act ;. 
when  water  is  made  to  zGt  bv  its  weight,  it)  is  delivered  (xfjff^ 
Alt  fpout  as  high  on  the  wheel  as  pollible,  that  it  may  cpntii)|i<. 
long  to  prefs  it  down  \  but  when  it  is  ipade  to Jlrih  the  wh^fl^ 
it  IS  deiiyered  as  low  as  poflible,  that  it  may  have  previoully  ac? 
<][uired!a  great  velocity;,  thus  are  the  wheeU  faid  tQ.\)C  ovfrj^. 
or  undtrfid*  The  four  kinds  of  wheels  mentioned  in.  art.  4^17* 
tbi.  i.  belongs  in  fa£f,  to  one  or  other  of  thcfe  general  divii^9q9^< 

'|.  An  Mr/bot'tukeel  is  nothing  but  a  frame  of  open  bii^eijs. 
to  dtfpoied  round  the  rim  of  a  wheel  as  to  receive  the  w^C^ 
delivered  from  a  fpout  in  fuch  a  manner  that  one  fide  o£  tnc 
^heel  is  loaded  with  w^ter  while  the  other,  is  empty :  of  coole-: 
diience  the  toaded  fide  mud  defccnd;  and  by  this  motion  the 
nuid  runs  Out  of  the  lower  buckets,  while  the  empty  buckets  of, 
the  Vjung  fide  of  the  wheel|  in  their  tnnvcome  under  thp  %tout^. 
and  ire  filled  with  water.     A  flight  ii^fpeflioq  of  the  i^guic.pf 
an  overfhot  water-wheel,  in  plate  XV^I^of  9nxT  firil  volume^. 
will  convince  the  ftudent  of  the  impoflibility  .of  (onftruAMU^ 
tnc 'buckets  ib  as  to  remain  completely  .filled  with  .water  ,tilk^' 
they  reach  the  bottom  of  the  wheel:  indeed^  if  the.buclqet*  are. 
formed  by  partitions  dVe<^cd  to.  the.  axis  qf  tj|ie  .^heelt.Jthieji 
whole  wat^r  muft  be  ruu  pu^  by.the.|ix]H;vth^ih^y  l^uirQ»4c^> 
fcen^ed  to  the  levef  of  the  ^  axis  ^  ^d,»  0/  (;onfeqQaice^,.thcii^i 
mud'  be  a  great  dimij^tion  in  the  n^echapical  e^^  oft.thc.f 
whefeL  /MiUwtights  have,  therefore,  turned  .iheiir  icHii^f  .^ttcn-t* 
tibn.to  the  determination  of  a  form  f^c  U^e  faHcki^ts,!iv|i|^iha)l.> 
enable  them  to  retain  the  water  along  a  ure^t  .poctiop  4^  ij^e  1 
^circumference  of  the  Wheel.    It  would  ;:cqu|rQ  piicfaLniofCif^otia^ 
than  we  can  afliiga  .to  this  articlc^jp  U/jfcr^b^"  I^  I^,i;qi^^  , 
anccs  which  have  be^n  propofed;  y^^m^^:^^f9VRf9^7J^xj^ 
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mtt^-kW-'-  ill 

Hon  one ortwo  of  thelwrt,  as  defcrtbfd  8j  t)r.' Rol}jfon''itf  me 
Encyclopedia  llntannica.  '  "    '  '  ', '"    ,, .    '  "  " 

.  -■  In  fig.  1 1,  pi.  XXXH.  AM  is  phrtof  the  lhroudjng.o!riflnc 
of  buckets  of  an  overfhot  containing  40  buckets.  ,(^PFAjtCff 
it  the  fbrm  of  one  of  thefc  buckets. '  The  flioulder  AB  of  cbe 
bucket  ftio6M  be  one  half  of  KE,  the  depth  of  the  {tii;oudu^ 
AF  thould  he  ?^  rtorc  than  AE.  The  arm  BC  qf  jhc  bucket 
mnft  be  fo  Inclined  to  AB,  that  HC  inaybe  ^pf  Aft^  and  CD» 
Ihc  wrift  of  the  bucket,  muft  make  fuch  an  angle;  .with  Bp  «» 
ihe  direftion  of  the  arm,  that  D  n  niay  be  4  of  K  n.     "  - '  : 

■  rrom  this  conllVuftion  it  follows,  that  tl 
*tty  nearly  equal  to  DABCifo  that  the  wa, 
Ae  fpace  HABC  will  alt  be  containetl  in  'th< 
(hall  Come  into  fuch  a  pofition  that  Ap'fs^i 
and  the  line  AB  will  then  make  an  angle  of  n 
»*rtical,  or  the  bucket  will  be  35'^  From  the  p 
ing  through  the  axis  of  motion..    If  thebiicke 

tower  thkt  one-half  of  the  water  runs  ojit,  

aUike  an  angle  of  about  2i[\°  with  the  vertical.  "  Theipfqre  the; 
irfieel,  filled  to  the  degree  now  mentioned,  will  AfjwKj-' ^iftf 
■water  at  about  \  of  the  diameter  from  (he  bottom,  ajyl  balf.^ 
ibrwater  vUl  be  difeharged  from  the  lowcft  bucket  aliQut  T^t^.c^. 
the  diameter  further  down.  Had  a  greater,  proportion  of  the, 
biSblcets  heen  filled  with  Vater  when  they  were  under,  the 'fpout,, 
the  dlfchargc  would  have  begun  at  a  greater  height  from  the 
bOnom>  and  3  greater  portion  of  the  whole  fall  of  water  VQu)<j| 
be  .loft.  The  lofs  by  the  preceding  conllruf!lion.  is  lefs  yia^ 
- T.jth  (fuppofing  the  water  to  be  delivered  into  the  ^he^I  quite; 
a(  i(t  top),  and  may  be  edimated  at  about  rith';  far  the  1ms  Tft, 
airthc  Terjed  (Ine  of  the  angle  which  the  radius  of  the  tucket 
make*  with  the  vertical.  The  verfed  fine  of  35=  ts  '18085, 
nearly  .^th  of  the  radius,  or  ^^th  of  the  diameter.  Had  only  ^' 
of  this  water  hfen  fupplied  to  each  bucket  as  it  pafies  the  fpout/ 
i^  would  have  been  retained  for  10°  more  of  a  revolution,  aha 
the  lof>  of  fall  would  hare  only  been  about  ^h.         .  ..     ., 

A  vctY  confiderable  improvement  in  the  condruf^ion  of  the. 
bucket  na*  been  made  by  Mr.  Robert  Bums  of  Canfide,  Tlen^ 
frewffiire.  He  divides  the  bucket  by  a  partition  m  B,;  of  fiiflT 
a  hei^t,  diat  the  portions  6f  the  bucket  on  each  tide  of  u  may 
bt  <if  e*)ual  Capacity.  Dr.  Robifon  Jiiftly  obferves.,  that  thia, 
prihcilde  is  filiccptible  of  oonfidcrabFc  cxte'niion,  nndi  rocom- 
-mends  two  or  more  partitions,  particularly  when  the  wheel  It. 
iri^lJfe-tif  iroti.  By  this  means  the  "nid  is  retained  l^ongerin  the 
}o|(rar  bttdcets,  and  when  there  is  a  fmall  fupply  of  w?ter»  it . 
mn'U*  ddlmed  into  the  outer  portion  of  the  bucket,  whjcKi^ 
b^'lif'stt  a  ^itet  ilHlWtc*  fitom  Uk  centre  of  motion,  incies^ci' 


4is  iMACHINES. 

l^e  jower  rf  tic  water  to  turn  the  whcd.  *  Tht  doftor  advHfei 
that  the  rim  of  the  wheel,  and  confequently  the  breadth  of  the 
bupket3j,(boold  be  petty  large^  in  order  that  the  quantity  of 
liratGf  wliich  they  receive  from  the  fpout  ma^  not  nearly  fiQ  the 
buclcet.  .^  The  fpout  which  conveys  thewatter  fliould  be  €bn» 
(derahly  narrower  than  the  breadth  of  the  bucket }  and  the 
ftbulder  AB  Should  be  perforated  with  a  few  holes,  in  ot-der 
to  jMreve^nt  the  'U'ater  from  being  hfted  up  by  the  ftfcendin;^ 
bucKets,-.  The  diftancc  of  the  fpouTfrom  the  receiving  bucket 
Ihould,  in  general,  be  two,  thtee,  or  four  ixKhes,  th»t  thfe 
Vater  mtf  be  delivered  with  a  velocity  a  little  greater  than  that 
of  jthie  rim  of  the  whee! ;  otherwife  the  wheel  will  be  reurded 
by  the  unpulfe  of  the  buckets  againft  the  0team,  atid  nfiucit 
j^ower  would  bcloft  by  the  water  dafting  over  them. 

With  reipc3:  to  variations  in  the  fall  of  water,  fince  At  tio* 
tive  preiHire  is  meafured  by  the  pillar  of  water  redcUng  from 
the  horizontal  plane  where  it  is  delivered  on  the  wheel,  t6  the 
Korizontal  plane  where  it  is  fpilled  by  the  wheel,  it  hPts  been 
concluded,  that  preiTure  mufl  be  proportional  to  the  wheel  \ 
;md  therefore  the  water  muft  be  delivered  as  high  and  retaioid 
as  long  as  poflible.  This  maxim,  however,  is  fubje£k  to  lionta* 
lions,  and  is  not  perhaps  Aridly  confident  with  ifoond  theory* 
When  the  fall  is  exceedingly  great,  a  wheei  of  an  equal  diamefcer 
becomes  enormouily  big  and  extremely' expend ve.  In  cftfiB» 
like  this  where  we  are  Unwilling  to  lofe  any  part  of  Ae  force  of 
a  fall-ftreairij^  the  beft  form  of  a  bucket-wheel  is  an  inverted 
uiam-pump. 

The.vek^ity  of  ail  overfhot- wheel  is  a  matter  defervtng  of 
great  care  ^nd  attention ;  and  diflerent  authors  have  arrived  at 
Vicry  oppofite  conciufibns  ftfye&'mg  it.  The  moft  accttftte 
feems  to  be  that  an  overfhot-wheei  does  the  more  work,  aa 
it  moves  flower:  the  popular  reafoning  adduced  to  prove  thia 
has  been  of  the  following  kind.  Suppofe  that  n  certain  vrheei 
has  30  buckets^  and  that  6  cubic  feet  of  water  are  delivered  in  a 
fecond  on  the  top  qf  the  wheel,  and  difcharged,  without  any  loft^ 
hy  the  way,  at  a  certain  height  from  the  bottom  of  the  wheel. 
£et-this  be  the  cafe  whatever  is  the  rate  of  the  wheel's  motiont 
the  buckets  being  of  a  f^fficient  capacity  tx>  hold  all  the  wart?er 
tirhich  falls  into  them.  Suppofe  this  wheel  employed  t^  tmtfe 
a  weight  of  any  kind,  water,  lor  inftanoe,  in  a  chain  of  30  buck* 
ets,  to  the  fame  altitude  and  with  the  fame  velocity.  Suj)pofe, 
further,  that,  when  the  load  on  the  rifing  fide  of  the  maehtne  is 
one-half  of  that  on  the  wheel,  the  wheel  makes  4  retohidona 
in  aininute,  or  one  turn  in  15  feconds.  During  diiB  time  90^ 
eubic  feet  of  Water  will  Lave  flawed  into  the  30  buckets,  and? 
each  have  r^ce^ved  3  culnt  f^.    bk  ik$t  eaie^  ea<ji  of  the  rifii^ 


,liiicket«  oMwit'iT  f<^  and  45  cubic  faet  fore^Hvered  iiflo 
jhe^uppor  piUemdimog  one  turn  of  ike  whseU  and  iSd'cu^r^ 
,£B^ifioni(imQute*  .  /   \ 

NoW|  fuppofe  the  machine  fo  kMuM,  by  making  the  r^ug 

bttcketa  more  capacioqs,  diat  it  makes  ovly  9  torna  in  a  minutri 

«K  I  turn  in  30  (econds;  then  each  dcacendfaig  bucKet  m4l 

.^ositain  6  cubic  feet  of  water*    If  each  bucket  ef  the  rifing^Sie 

.iCOAttunod  3  cubic  feet»  tht  motion  of  the  machine  would  1^  tHe 

^^Mne  aa^beHore*    This  U  appoint  none  will  controvert.     Wh<to 

^twQ  .pounds  are  fufpended  to  one  end  of  a  ftring  which  pafi^ 

,Q«^r  sv  pulky»  and  one  pound  to  the  orber  end,  ^.  velociry  #f 

»4^^Gpent  of  the  two  pounds  will  be  the  fame  with  that  of  a  fctaa^ 

ipoundweight».  which  is  employed  in  the  fame  manner  to  dra^ 

up  two  pounds*    Our  machine  would  therefore  continue  to 

4nake  four  turns  in  a  minute  and  would  «detiver  90  cnbic  (e^t 

during  each  turn*  and  360  in  a  minute.     But,  %  fappofit|^, 

.  k  is  making  only  two  turns  in  a  minute}  whle)»  m^Jl  ptoceed 

.from  a. greater,  load  than  3  cubic  feet  of  rifiog  water  hi  each 

Ttiing  bucket.    The  machine  mnfti  therefore,  be  raifing  motv 

than  90  feet  of  water  during  one  turn  of  the  wheel,  and  m^ 

tkm  i&o  in  a  minute* 

•  Thus  it  ^>pears  that  if  the  machine  is  turning  twice  as  ilow 
^&  befoae,  there  is  fnare  than  itvice  thifH-nur  fuatU'tty  in  tlie  rtfing 
buckets  \  and  more  will  be  raifed  in  a  minute  by  the  fame  ei^ 
penditure.of  power.  In  .like  manner,  if  the  machine  go  three 
times  as  flow,  there  muft  be  nwre  than  three  times  the  former 
^antity  in  the  riiing  buckets,  and  more  work  wlH  be  done. 

But  nirther  we  may  aflert,  that  the  mpre  we  tvtard  the  ma-  > 

chine  to  a  certain  pnuQical  extent,  by  loading  it  with  more 

.»workpf  a  fimilar  kind)  the  greater  .will  be  ics  performance  ^ 

and  the  tnith  of  the  aflertion  majr  be  thus  demonfttated :  Let 

lis  call  the  firft  quantity  of  water  m  the  rifing'  backet,  Q;  (be 

water  raifed  by  four  turns  in  a  minute  will  be  4  x  30  .x  Q  b 

120  Q»    The  quantity  in  this  bucket,  when  the  machine  eoes 

;  twice  as  flow,  has  been  fliewn  to  be  gres^er  than  2  Qf  call  it 

d  Q  +  ^i  the  water  raifed  by  two  tarns  m  a  minute  wiH  then 

be  a  X  30  X  (2  U  +  *)  =  120  Q.  +  60  x.    Suppofe,  next, 

the  machine  to  go  4  times  as  QoW)  making  but  onp  turn  in  a 

minute |.  the  rifing  bucket  miift  now  conjtain  more'  than  twice 

tbe^quantity  2  Q   1   «,  or  more  ^han  ^Q,  +  %  fc%  eall  it  4  Q  .+ 

9  r  +y»    The  work  done  by  on^  turn  in  a  minute  MU  i^<^w 

Iw.ao  .X  (4<i  +  2*  4*  J')  p=  120  Q  +  6o'X  +  30  jjs.  .3y 

.  fuch  an.induAionjof  the  work  acco9)ptiO)ed»  with  any  ,rates^o( 

pnotion  wstcboo&yit  is  evident  that  the  perfprn^nce  of  tlie  ipa- 

.  chine  incteafea  with  every  .din)fa)iition  of  tt$  velpcity  that  isgpro- 

dvQcd  by  ^thie  jB»arc,ad|cU^  of  'f  £m^  Iqs4,  p(  M^f  k^'f>t  ^m.  h 


<d)^m|»rawo|rk.t%e  flown  it  ..goes.  Thif-hovsercpisik 
^iag.rixim  tnc.  eSc&t  of  the  in^iop  upm  tbfl  <ga4e>«liM  of 
whae^,^  fiauie  of  wG&aaee  which  tncnafet  wtth  w  lo*^ 
tli  11^  iti  the  inffMotm  '■■:■■<.- 

f  l^jif  «l(x  ^itppo&»l  t)i<:  vuchioc.  to  be  i»  iu  ftate «(  .p<R» 
V^niptfii^m  mtpm^.  liwt  coaGder  ic  wl^  in  th«li«gia-'. 
«)l^;d,'  '    i,th«J«i'ul(  i(Aillnw«  ia^f»ro^r  of  flwurnp" 

•ioo:  |o  icfi^oaof  tht  moving  pow,  the.  iMttM- 

'^tbejB  iji^cop^tuittfi  p«rt  of  iti  and'  it  aoqiwm  it»  pofw 

mnrat.  I'^ttcgren,  dyriog-which  tW  icfifiaitccs  wiAttg' 

iNKl|l.4u  i^qiv&c.  ioc[«(Ce,|ti]l  they  evai<r  IwlaiKB 

dus'nnpf  ;.wst£T,t  anilaft«>  this  the  nachiu :flO  kif^«c 

i,tl^  gifatn  thepowcT'  »D<1  theceiftHica 


^n^lfM;  firom  the  w^k,  sic,  in.  proportion  to  the  ioerti*  of-  the 
■whiiW!,  fhf  foonei^il;  is:obv|ous»  viU  it  vxrifc  at  iu-Aslcof 
fpcnapMit  yeloeit}'., 

^  Tlip  preceding  tiifcufljon  is.fuftcicnt  to  deatooftnitet  in  gene^ 
ml,  tiiejtivfuiugf  of  flow  motion  I  but  does  not,  it  is  coaEeScd, 
ptHfiCpyX.in.jUt]' degree  the  tdation  between  the  tat^  ef  lootien . 
•od ^wv^VpieiioTnistl^  nor  ^vcn  the  furinitiplei  on  wbitth  it 
mpeo^s-.  I'lusi  however,  IE  npt  nece0ai^  for  the  iixipioveinent . 
c3r  pta^ctl  medianics-:  butitis  fufficiemly  aiuifcH  that  there 
IS  not.  in  the  qUuEc  of  things,  a  muiaium  <^  perfoinance  at* 
tachcato  any  particuLu  late.of  motion,  which  Iho^d,  on  that 
«couot»liiej)^<Tred.  All,  therefore,  we  have  to  do,  is  to  load 
uc  ou^hiiiet^nd  thns  to  diniinifl)  its  fpeed,  unlefs  other  phyli- 
cal  drcumftances  throw  c^ftaclei  in  the  way:  hut  there  a^ 
fltcb  (^SjsclcM  ior  Jb  Alt  macfalHcs  there  are  fmall  inequalities 
fj^K^ofiwHicb'are  unavoidablt.  la  the  a£lion  of  a  wbed  and 
pUvfOi  thovgh.niadi:  with  the  utQiolt  iiu^mcnt  and  cave,  tha« 
arc  fvsh,  taeqitalities,  Thefe  .>ncrt«6  by  the  changes  -of  form 
O^rafipnad  liy, the  (Wearing  of  t)u  maohinet, ,aitid  mueh  greater 
iqcquajitifl  aiilt;  fr<»n  the  fuhTukory  moQiaWiof  civiks,  ftam- 
pcrs,  ;^  other  pafXs  which:,inove  une^tttlly  otrfciiiprocally. 
Now,  1  machine  ma;  he-  ft  loaded*  a«  juft  tobtfiia^itoiUbite 
V^tb  Its  work  «B  the  Javoutable  polk)oq.u  <«  pa(ts;i.a(ul:whea. 
thil  cba^gef  Ifito  one  leiif  fayotmble,  the  foac^ioe  may  Aop,  «s 
at.^L^«iiu  hi^if,  iti}d  worVvery  irreguUrl]^  1.  tJh^Sr^iie  rubM 
pijig  ^ajc^  h<|^  low.o":  o»f:\t  Qther.  wiUi-enormou*.  pfcftwcft 
cut  deep.  i^toiOitie..;ui^ber|  f^d  grqaflf >'»V>Knt  frifiion'i  tq  ihtt ; 
i\lf^^pwm(li^3^f.if.f^^ei^plali■h0^■rw4^td'■  A  liitlo  ntoreve*'- 
locity  eiiakles  the  piachine  to  overcoBM  tboJc  inejCJiM  ta^f^.- 
9Qce^.^c|q.ioeftfa, ,  orjjh^  mat.^antity  tuf  notioo  «tbe«MeJa 
U-.g):m  ^acU^u  p$]|^,^ifi.!u)vanMge  in  & 
.^1— -1.  — f. -'-,^o,[|,,flp^(y.wi*hafaiaUei*ftheitT.-'.i 
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Both^ftdBJ^  thedff^Ad*  experifrient,  tKe'impottanl  TH&lttKs^ihr 
yiimk  done  by  a  "ili^atef-wheet  was  inctWed .  i>f  BiAi^ilhme^ 
Telocity.  His  diflertadcms  on  this  fWbfed  were  fi A  ftfc^imft' 
Mm. 'Pari/*  Atad.  Stii^ni  17^4:  but  ItteTy  theYiibftastr  d[ 
ttcMii  has  ap{iearM  in  tarioirs  placets  Thrs  ^hltdfopbec  ih*x8? 
etfmnmttM  upon  a  fmaS  wheel  io  ittch^  tri  nfiamctetv  tMS 
limed  witk  48  buckets,  which  received  the  waftr'liKb  a^Teai|« 
wfaecL  On-  die  axis  of  this  wheel  were'  placed  icyR&'deAr^of 
4UkttRt&t06f  the  fm^eft  bekig  i  inc^h  and  the  fcirgeft'4  fiic!^ 
in  diameteTt  ground  \iduch  was  wrapped  a  cord,  ilmK  d^y^^fiif 
atiaidied  10  it.  When  the  oAe^ihch  cylinder  wi£r  t^(bd;a  SiritM^ 
<if:ia  ounces  was  elevated  to  Ac  height  of  60'^inchei/aJt4  if 
liiM;  and  a  Weight  6f  24  ouiic^  wis  elevated  40  inches;;  WfcraP 
^  feor*incfa  cylinder  was  empldyedi  a  weight'of  is'otm^i^ 
was  raifed  to  the  altitude  of  87^  mcnes  and  9  linc^  and  a  w^^^ 
of  24  onncM  to  the'  height  of  4S  inches  ^^  3  Hnes:"^  tfVopi 
tbefe  i«ruh:s  ic  is  evidem,  diat  w)th  flie  font-inch  cyiiild«r,*u^te6^ 
the  motion  was  iIoweft»  the  eflett  was  ^reateft,  and'Ui^Vheifr 
a  douUe  weight  was  ufed,  which  dithiniihed  Ae  wheel's  vettK^ 
cttvv  the  wei^t  was  raifed  to  more  than  half  its  fCnriper  hetgh(ii»*' 

The  ftttdent,  by  turning  to  page  45;  of  our  firft  vdilme,  wiB' 
fee  that  -Mr:  Smeaton  arrived  at  the  fame  conclufioilt  ahhough' 
th<e  greater  extent  and  variety  of  his  experii^ieAts  ^ftfaiedhim  to ' 
afcertain  that  this  general  pofition  wiis  fubjeft  to  a  Hrtmation'^' 
varying  with  circumftances,  which  a  ]udicibns  'engmeer  will 
always  carefully  difcriminate. '  *  '' 

2.  Underjbot'wheets.    To  this  ctafs  may  be  referred  td)  wheeb ' 
in  which  die  motion  of  the  water  is  more  rapid  than  that  of  dit 
ftoat-boards  of  the  wheel,  fo  that  the  fluid  impels  tfiein;  'The 
theory  of  this  kind  of  water-^wheels  being  fo  exceedingly  im- 
pcrfe6l»  we  can  do  little  elfe  'than  recommend  to  the  ftudeut  a 
cautious  examination  of  the  experiments  of  Smeaton.    We  have  ' 
little  to  add  to  them  here,  except  fome  refuHs  of  De  J^rcieut ' 
and  Boflut,  who  have  (hewn  by  very  good  experiments  that  there 
b  a  iimSble  adVatttage"  gained  by  inclining  the  -float-boards  to'  die  ' 
psdius  of  die  whed  about  20  degre^)  to*  that  eadi  float-board  ^ 
n^lsn  loweft  fliall  not  be  vertical  but  have  its  eitee  turhed  up 
tbr>ftmam  about  ao  degrees.    Such  inclination  catrtes  die  water 
td  jieap  up  along  the  ftoai*board  j  and  i(k  b v  its  weight :  the  floats 
lliould:  therefore  be  made  much  broader  than  the  vein  of  water 
inesnrupied  by  them  \i  deep. 

i£daae  vugineers  ^  obfefving  •  ite  gflM'  fuperiority  of  overfliot 
abw^  mdetfliot  xirfietlS)  drivcffi  bv  tMc  fime«tpenceof  power, 
^ve  psopsfftdto  brini;  ther  ^B^ter  nimse  to  Ae  Ibw<frnart  of  tbe* ' 
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^iban  tbeapaitttte  of  the  fluif:e,  wUich  would  .penmttbc  water 

.to  liui  out.  The  wheel  they  propofe  to  be  fitted  with  a  plofc 
rfole  and  Bdc^  exaflly  fitted  to  the  end  of  this  trough^  fo  that  if 
\th^  wheel  i^  at  red,  the  water  inay  be  dammed  up  by  the  fo|e 
^ana.Hoit-board;  it  wIH^  thereforei  prcfs  forward  the  float-ho«fd 
^Vith  the  whole  force  of  the  head  of  water.  But  this,  howevor 
Jpeciqi^?^  cannot  anfwcr ;  for  if  we  f^ppofe  no  float-boards^^  the 
watef  will  flow  .out  at  the  bottom,  propelled  in  .the  manq^ 
jthe^e  g<sntknpen  fuppofc ;  and  It  will  Be  fupplie^  ftoin  behind, 

e*  c^ water  coin^ug  jflow/y  from  all  partis  of  the  trough  to  the  bole 
Ipw  the  whoel.  Biit  now  add  the  floats,  ana  fimpofe  the 
,whccJLin  motion  with  the  velocity  that  is  expe£^ed.  Tnc  other 
fiaa.55.Jin 4ft. drag  li^to  mptiou^iU the  water  which -hUcs  tetweca 
^tjqo),  giving. to .jthe  j^reatell  part  of  it  a  mption  far  greater  than 

It  .wQuId  h^ve  taltcn  m  confequcnce  of  the  preflbr©  of  the  water 
>ehind  it^.'^d  the  water  out  pf  the  reach  of  the  figats  will  re- 
main itill,  which  it  would  not  have  done  independent  of  t^c 
|[Ib^Nbip;ixd|  above  it«,bep9jufe  it  would  Iuyc  cootcil^uted  to  the 
je^^pep^e  pttbe  hole.  So  that  the  motion  which  the  wheel  wiU 
ac^uiri;  by  tli!$  i:onilrg£^ion  niuA  be  widely  diflfirent  from  wh^t 
-V ^  projcftors  JTuppofe."      ./ ..  .  ;      , 

As  w  ik  WC  are  able  to  judge,  the.beft  way  of  delivering  the 
..water  on  an  undermot- wheel  in  a  clofe  jmill  coiirfe  |»,  to  let  ft 
^ide  down  a, very  fm^th  Jbhannel^  witlK)ut  touching  the  wheel 
l\\l  hear  ks^bottomi  where  the  wheel  fhould  be  exactly  fitted  to 
tiiQ  courfe  ^  or^  to  make  the  floats  much  broader  than  the  depth 
of  the  vein  of  water  that  glides  down  the  courfe,  find  allow  it 
to  b^  .partlj  intercepted  Jby  the  firft  floats,  and  heap  up  along 
tlKm,  a£ling  by  its  weight,  after  its  impulfe  has  been  expended* 
J£  Uie  bottqm  of  the  courfe  be  an  arch  of  a  circle  defcribed  with 
a  radius  much  greater  than  that  of  the  wheel,  the  water  which 
j^i^ti^s  down  will  he  tlius  gradually. intercepted  by  the  floats, 

Atteojpts  have  beqn  made  tp  conftruC^  water-wheels  which 
receive  die  impulfe  pbliqvely,  like  the  {ails  of  a  co^npion  wlnd^ 
piill.  .^rhis  would,  in  many  fituations,  be  a  great  advantage. 
A  very  flow  but  deep  river  qould  in  tliis  mazu\or  be  made  to 
drive  c(^r  mi{la ;  ^nd  ;ilthough  much  power  is.k>ft  by  the  obiyi- 
quit^  ia  the  iinp*ilfe#  the  remainder  may  be  ve^^  ^r?;at.  Jf^r, 
B-Qb^on  ({^<iHs  of  a  wi^^el  pf  Uiis  kind  which  w^s  very  powiff^ 
fi|I  :^  U  .was  i.  long  cylindrical  frames  i^aving^a  plate^  fl^an^yig 
put '^om  it  about,  .a  \<)Qt  broad, ^nd  funound^g,it  with  a  verv 
oblique' fpTr^l,  likeva  corKcrew.  I'his  .was  immerfqd  aboufv^h 
pf  k^.(;^m£ter.  (whicJ^wjisneaily^i-z  feet),  havipg it^ a;i^i^  i^.uie 
'  ^^.^^.^W.P*  4^.  ^^?!^.'.  %  the^wmjk  which  it  was  jpeffo^» 
^ifr^'^  $^^  ^^iiP9^9^%^^^  ^  coain)oq  wjljieel  ybich  oc« 
•HMfiitH:#.i>%J"*#.9^;.^^  Ij*  length  WM  not 4|5ft 


tlca  10  £eet:  lisd  k  been  twicg  as  much,  it  wonlJ  fasve  neacrff 
doubled-  its  power  without  occupying  inDie  of  the  waterway* 
Perhaps  fudk  a  fpiral,  continued  quite  to  the  axiS|  and  moving 
in  aiioUow  canal  wholly  filled  by  the  ftream,  migM  be  a  very 
idrantagequs  way  of  employing  a  deep  and  flow  cm^etlt. 
*  In  July)  1803,  Mr.  John  Norton,  of  Rolls-buildingSitook  otit 
%  -patent  for  an  improvement  in  the  cohftrofkion  of  water-miSa, 
jrhich  is  exaAly  this  of  the  fplral  wheel.  How  far  an  inven- 
tion wfai(di  had  been  publicly  defcribed  feven  years  before  sn 
liie  Encyclopedia  Britannica  ought  to  be  fecured  to  Mr.  Nor^ 
tan  by  a  patent,  we  need  not  decide. 

An  underihot-wheeli  withobliijue  float-boards,,  was  invented 
by  the  late  Mr.  Befaxu  of  Brompton  \  on  whofe  widow  the 
Society  for  the.£ncouragemtnt  of  Arts^  &c«  in  1801,  oonfbrfed 
a  reward  of  ten  guineas :  and,  as  it  promifes  to  be  of  great  fer- 
viee  in  many  fituations,  we  have  given  a  rcprefentation  of  it  in 
pj.  XXXV. 

Fig.  7,  A  repreHents  the  body  of  the  water*w)ied,  wMiih  is 
hollow,  in  the  form  of  a  drum,  and  is  fo  conftrufbed  as  to  leiiit 
the  admsfion  of  water,  fi  is  the  ai:is  on  which  th^  wheel 
turns.  C  the  vfioat-bosords,  placed  on  die  periphery  o£  die 
wheel,  each  of  which  is  firmly  fixed  to  its  rim  ami  to  tkie  body 
of  the  drum,  in  an  obiique  dire£tioa.  t)  is  the  tefervoir  tluJc 
oontains  the  water*  E  the  penftock,  for  regulating  the  qaaiv* 
tity  of  water  which  runs  to  tKe  wheel.  F  reprefents  the  cur« 
Dent  that  has  pafied  fuch  M^^eel. 

Fig.  8.  is  a  front  view  of  die  water-wheel,  exhibiting  the 
oblique  diredion  in  which  the  float-beards,  C,  are  placed  on  the 
&ce  of  the  wheel. 

In  the  common  water-wheels,  more  than  half  the  quantkyof 
that  fluid  pafles  from  the  gate  through  the  wheel,  without  af- 
fording it  any  aiHfbance :  the  adion  of  the  floati  is  reeled  by 
the  incumbent  atmofpliere,  at  the  moment  when  thefe  leave  the 
finface  of  the  taiUwater ;  and,  as  a  fimilar  proportion  of  water 
with  that  which  pafled  between  the  floats  at  the  head  necef- 
iarily  flows  between  them  at  the  tail,  the  motion  of  the  wheel 
is  greatly  impeded.  On  the  contrary,  by  Mr.  Befaot's  oonrriv- 
ance,  no  urater  can  pafs,  excepting  that  which  ad's  with ^aH  its 
force  en  ^e  extremity  oif  the  wheel ;  and,  as  liie  floats  emerge 
fcom  the  water  in  an  oblique  direfiion,  the  weight  of  the  .sltmo- 
Iphere  is  thus  prevented  fnom  taking  any  eflpcd.  Aidiough  hki 
new  wheel  is  confidersfbly  iieavier  than  thofe  oonftrvAed  00^ 
dd'plan,  ydc  it  revolves  more  eaffly  on  itB  ^xis;  the  water  hav- 
ii^  a  tendency  to  float  h.  I^aftty,  repeated  experimrenta  have 
proved  Mr.  Befant's  wheel  to  be  fo  decidedly  fiiperbr,  tMty 
^  idicB  wi^iting  in  deep  c^U-^atcnr^  it  wiU:.<«n7  ^vraghts  i|^  t(he 
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fipoperfiott  of  three  to  oae;  oa  mihkh  tecouiit  it  will  be  pmn 
fUlaurly  Hanriceable  to  tide-milis. 

.  Milk  widi  oblique  floats  are  moft  ufeful  for  employing  fmaU. 
iSbreions. which  can  be  delivered  from  a  fpout  with  a  great  velo>^ 
city;    My  Bofliit  has  confidered  thefe  with  much  attention)  aod 
h^  ^fcertained  the  beft  modes  of  conftru^lion.    There  ace  twot 
which bfive  nearly  equal  performances:    i*  The  vanes  being 
pl^cil^d  Uke  thofe  of  a  wind-mill  round  the  rial  of  a  honsootsft 
OK  ¥Qrlieal  wheel,  and  being  made  much  broader  than  the  yeiti 
oi^.watei.  which  is  to  ftrake  them,  perpendicularly.    By.thefir 
i|^n&  it  will  be  fpread  abottt  on  the  vane  in  a  thin  flieeii  and 
egcert  a  preffar^  nearly  equal  to  twice  the  weight  of  a  col«iQm> 
wj^ofe  bafe  is  the  orific«  of  the  fpout»  and  whofe.  height  is  thfr. 
fall  ,prod«|cing  tlie  velocity.    Mills  of  this  kind  are  mu^  in  ufe 
v^  thp  foiith  of  Europe.     The  wheel  is  horizontal,  and  the  ver** 
tiCfU  axisi^asri^s  the  mlliftone;  b  that  the  mill  isof  theut^ 
HQoft  fimplicityi  and  this  is  no  fmall  recommendation.    Draw*^ 
ings  of  fucb  mills  may  be  feen  in  Bockleri  Leupold)  and  Ber 
}idor«    '  '  V  - 1 

2.  Th^  vanes  may  be  arranged  round  the  rim  of  the  wbeelj^ 
not  likf  the  fails  of  a  windjOiilU  but  in  planes  inclined  to^  the 
radiif  though  parallel  to  the  axis,  or  to  the  planes  paiTing  through 
tife  axis* .  iney  may  either  ftand  on  a  fole,  like  the  oblique^' 
floats. recommended  by  De  Parcieux,  as  before  mentioned;  or 
they  may  ftand  on  the  fide  of  the  rim^  not  pointing  to  tfae  axisy 
b^t  afide  from  it.  This  difpofition  will  admit  of  the  fpout* 
beiii||;  more  conveniently  difpofed  either  for  si  horiaontal  oi  a  . 
vertical  wheel.  ^ 

In  .th0  fouthem  provinces  of  France^  where  horissontal  wheels 
ave.  very  generally  employed,  the  float«-boards  are  made  of  «. 
cvrviliiieal  form,  io  as  to  be  concave  towards  the  ftceam.  The 
CS^ev/iSer  de.  Borda  obferves,  th^t  in  theory  a  double  ejfed  in 
produced  when  the  float  boards  are  concave,  but  that  this.efi«£i 
is  dunii^^lV^  it)  pra^Hce  from  the  difficulty  of  makii)g  the  fluid, 
ei^r  {uyi  ieave  the  curve  in  a  proper  dircttion.  Notwitbftand-- 
ing  this  dkOicuity,  however,  and  other  de£s£ls  which  m^ht  be,- 
pQUite4rputy  horissontal  wheels  with  concave  floatrboards  are 
ahrays.7A>{)erior  tothofe  in  which  the  float-boards  are  plane^^aad 
fo{n^ti)n4^.t<^.  vertical  wheels,  when  there  is  a  fuflicieni  head  o£ 
wgtf^^  fli'tl^rikll  of  water  be  five  or  fix  feet,  a  horiaeontal 
whqf)}  ii^xft:>f9c^c<ive  flpat«boards  ipay  be  efed:ed,  vhofe  f^aaci^. 
"4^5i§^^)  iscto  that  of  ordinary  vertical  wheels  as  3  tOt3«  . 
'^il^^Xv9li4K^^''^^^^^»  Although  we  areifi  ibis  eoumrjr* 
provided  with  manv  contrivances,  in  which  the  diflFefem^.pQovern 
of(;«^^^^^^,tWi|}d,  and  animal  force,  have  bee&i  £}H^e&hiiif 

^Pl^^Ph^l^lf^^  ^;n«diug.«f^a  iiuo  floijur^  j^itW^^hnp^ • 


AOt^ttlt  Tctf  latelfr  met  with  flMittg  tMfH'-fffiff^  i&hiHfe^M 
by  tides  or  currents ;  and  which  are  further  detignedlK)  {hit  Itt 
JMCiotftntehinerv  adapted  to  any  k^nd  of  mamifaAure.-^MdfSrs, 
F^Ufeeman,  of  Lottg-acre)  in  conjunction  with  MeflW.  AXMJ 
FoAfenden,  and  Gray,  have  (mrchafed  the  patent-rigtit  of  Mr«^ 
Hawfehi8|  and  have  lately  completed  one  of  thofe  milby  wfaicK^' 
hf  permiffion  of  the  Board  of  Navigatioti,  is  ftationed  btl'wefei» 
lANKkm  and  Blackfriara-bridge.  Such  grant  was  obtained  widi 
llie  hiidaMe  view  of  reducing,  if  poffiUe,  the  ptice  of  Sour  in 
thenletiV>polis,  and  fumtihing  a  conftaht  fupply  of  that  neee£- 
fity  flTttdb  of  fubfiftence.  The  fimplicitv  of  this  invention 
tmders  a  long  defcription  fuperfluous ;  as  tt  confifts  hi  merely 
applying  the  force  of  two  or  three  water«wheels  on  each  fidcf- 
o£a  narge,  or  any  other  veflel  better  calculated  to  contain  the' 
int^or  part  of  the  machinery.  Were  feveral  mills  of  this  kind 
to  be  ftationed  on  the  Thames^  or  any  other  riv^  where  t!ie 
tide  ebbs  and  flows^  there  w6nld  doubtlefs  be  numerous  advan- 
tage refult;  for  they  would  be  far  lefs  expenfive  than  ffeam-* 
engines  in  the  original  ereAion,  befides  that  they  would  lead  to^ 
z  confiderable  annual  faving  in  the  important  article  of  c6;ds.  ^ 

'Some  other  remarks  connefted'  with  the  fubje£t  of  water*- 
mlllsi  Will  be  found  under  the  words*  FLOtm-nfTLLs,  f^mrotK^ 
SfKBAM-MEASt^RERs,  and  TiDB-MiLL^,  in  this  ydume'f  and 
chaps.  3.  and  4.  book  iv.  of  our  firft  vqlume.  For  fctrtfa^inJi ' 
formation,  confult  Fahrefyr  ies  Machines  HydrduHqneSf  LangJ^ 
dorf^s  Hmndbuch  der  Mafchwenlehre^  ziveyter  band^  or  f<Jme  other* 
of  the  treaties  mentioned  in  the  general  catalogue  under 'the' 
word  Mill. 

'WElOHING-ENGiNEs  arc  often  conftrufted  in   brd^  to 
afeertaiYi  the  weight  of  the  loads  on  waggons  and  carta  paflin^  - 
along  turnpike-roads.    To  prevent  the  road^  from  "beini^'ttoi:! 
mttCn  worn,  it  has  been  found  expedient  to  fix  by  an  aA  'of' 
parliament  a  certain  load  for  each  breadth  of  wheefl;  'and,  that " 
fach  loads  may  not  be  exceeded,  there  are  weighing-machines' 
at  feveral  of  the  tolUgates,  by  which  the  loads  of  tlje  fcvetil 
waggons,  &c.  pafling  through  them  can  be  deteriWned.'  '  '     -  • 

In  fome  of  thefe  machines  the  ccfntrivatice'is  fuch,  that'tb^' 
cart<agfs'whofe  load  is  to  be  weighed  *is  fif ted  deariironitlit? 
grbufid  by  means  of  four  ftrong  chains  and  hooks  attsidied  to*' 
largtf  fte^l*yard,  whofe  fulcrum  is  raifed  commonly'bya  coih- 
binatiofi  6f  tooth  and  pinion-work,  moted^by  a  wtnctiKNindlet*' 
bu^  if  is  fer  better  to  have-  the  bulinefs  pcffof itied'-bV ineahs  tf  ^' 
appa(racu#  plaeed  uhder'a  horizohtat-frame  on' wfaieli  tne'carrtm 
may  be' drfcwn.  ^  •  .  ■     -  ^  i  i  ?:i: 

^flkemoft  ceimpeAdious  and  economfcal  machiiie  of  iUi-'ldiKI' 
t\iim^iift  hvk^  k^n  is«  one  fvtk  ^Mi<fi  Weighing: tlie  tUers  <Myr 
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i|ce-har{ei»  wA  afterwards  afipUed  to  ibe  mas*  iq>i>taWy  icr* 
vice  of  w^eigbing  loaded  carriages. 

%  5'  Pl-  XXXVIL  k  a  plan  oT  the  mai;iuiie;  KLM^ 
i$  the  plan  of  a  ref^suiguiar  box*  which  has  a  platform  lid  iQf 
covcr^  of  fize  fufficient  for  placing  the  wheels  of  %  cart  or  wa|^ 
gon.  7'he  box  is  about  a  foot  deep,  and  is  fujik  into  the  groiuid 
tjJil  the  platfokrm  cover  1$  even  with  the  fmface*  la  the  middio 
of  the  box  18  an  iron  lever  fuppocted  on  the  fnkiufD  pia  H^ 
tfiitmti  like  the  nail  of  a  balance,  which  sefts  with  its.  edges  Mr 
9sche8  of  hardened  (leel»  firmly  faAeaed  to  the.  bottom,  of  tbc^ 
box.  This  lever  goes  through  one  fide  of  the  box>  and  is  fuiF** 
aiihed  at  its  extremity  with  a  hard  fteel  pin  imp  al£)  formed  tipr 
in  edge  below*  In  the  very  middle  of  the  box  it  i$4^oi2ed  hy-f^- 
thbd  nail  of  hardened  fteel  g  i,  alio  formed  to  an  -edges  bvft  pn 
the  upper  fide,  Theie  three  edges  are  in  one  horiamtal.pbaeji 
a%  in  a  weU*made  balance.  -       « 

la  the  four  corners  A,  A',  £',  £,  of  the  box  ^e  firmly  fixed 
foiir  blocks  of  tempered  fteel^  having,  their  upper  fucfaGOsfoim^ 
^  into  fpherical  cavities^  w^l  poli(hed,  and  hard  tempered*. 
ABCDE  reprefents  the  upper  edge  of  an  iron  bar. of  coo<% 
fiderahle  (treng^,  which  refts  on  the  cavities  of  the  fteel-bl6<|ks 
in  A  and  £>  by  means  of  two  hard  fteel  ftuds  pioje£Ulig  frop^ 
its  under  edg^y^and  formed  into  obtufe-angjed  points  or  ram|r> 
TheCs  points  are  in  a  ftraight  line  parallel  to  the  fide  £N  W« 
the  box*    The  middle  part  C  of  this  crooked  bar  is  faced  Wfth 
hard-tempered  fteel  below^  and  is  there  formed  into  aa  e4ge 
parallel  to  A£  and  KN,  by  which  it  refts  on  the  upper  ed^^  of, 
the  fteel  pin  g  b  which  is  in  the  lever.    In  a  line  parallel  sa 
4£>.svnd  on  the  upper  fide  of  the  crooked  bar  ACE,  are  fijsed 
two  ftuds  or  .points  of  hardened  fteel  B  and  D  projediiBg  ||p^ 
wavds  above  half  an  inch.    The  platfonn-cover  has  four  ibort 
|eet  like  a  ftool»  terminated  by  hard  fteel  fluds»  which  are  Xhap^d 
into  fpherical  cavities^  and  well  poliflied.    With  ithefe  it  refts 
op  the  four  fteel  points  B,  B',  D',  D.    I'he  bar  ACE  is>knee4 
ii)  fuch  a  manner  vertically,  that  the  points  A,  B^D^Sf  and 
the  edge  C,  are  all  in  a  liorizontal  plane*   Thefi^  paxticulans  will 
he  better  upderftood  by  looking  at  the  elevation  in  %..6>  "VB^vit 
haah^enfaid  of  the  bar  AC£  muft  be  undcxftood  as  aiifb.iaid.«£ 
thcbarAXTE'. 

.  Draw  through  the  centre  of  the  box  the  line  aic  ptqMm^i* 
cnlar  to  the  Upe  A£|  BD.    It  is  evident  thatthehav  ACE  i» 
eyiiaralcnt  to  alcv^ a b r,  having  the  fulcnim or  axis  A]&  i^ 
iuflr  wiih .  it^  e>9^trenuty  C  jOn  the  pin  h  /»  and  loaded  ^k»    ft  fie  ^ 
al^  evident  that  a  C  Is  toah  as  the  bad  on  this'if«|M;  t^  thu^- 
preflure  which  it  exerts  on  the  pin  gh^m^i^t  chc4w^  p^. 
ppr tUm  fybi^s hetweqi  the.  Wnol^  \i^^j^ \^  B^a<||lnpi^  aiidb 


tbr  fitflUK  ^riiicli  it  exeiis  ta  th«  1^  It  wM  alfb^pjgim/^ 
op  an  sttemive  csoiifidentkm,  that  this  propomon  \6  nowife- 
derailed  k)  wfaateirer  mmner-tlie  toad  \%  plated*  on  the  ptat^f 
ibrni.  if  iviy  uneqaally,  the  two  ends  of  the  pin  gh  may  be< 
—oyHy  preiled,  and  the  lever  wTenched  aixi  ftnined  a  Iktle  s^ 
bm^e  total  preiTore  is  not  changed.  \ 

If  dieve  benow  placed  a  balance  orfteel^yatd  at  the  fide  LK, 
in  ftfch  a  manner  that  one  end  of  it  may  be  dire6Uy  above  the> 
fiin  im  in  the  end  of  the  lever  EOF,  they  may  be  connefted  ty* 
z'vsktt  or  fflender  irod,  and  a  weight  on  the  other  arm  of  the  b>-'^ 
knee  or  fteel-yard  ftiay  be  put  m  equiKbrio  with  any  load  that* 
dan  be  laid  on  tbc  pbtform.  A  imall  counterpoife  beibg  flrft' 
biMi]g  on  to  balance  the  apparatus 'when  tmloaded,  any  addifionif 
Wei^t  will  tneafure  the  load  really  laid  on  the  platfonrtn.  If* 
a^  be  to  ff  r  as  I  to  S,  atid  EO  to  EF  alfo  a$  i  to  8,  and  if  a' 
Jiommon  balance  be  ufcd  above,  64  ponnds  on' the  platform  wHf 
be  balanced  by  one  pom?d  in  the  fcale,  and  every  pound  wUHm 
Glanced  by  one-fourth  of  an  ounce.  Tliis  would  be  a  very  c^n-* 
vcnierit  partition  for  mod  purpofesj  as  it  would  enabHe  us  to  ufc' 
»  common  balance  ftnd  common  weights  to  cotnplcte  the  ma- 
dhlrte :  or  it  may  be  made  with  a  balance  of  unequal  arm^  (st^ 
With  a  fteel-yard.  *' 

Uome  have  thought  to  improve  this  ihfttumeitt  by  uflhg 
edges  like  thofe  of  the  nails  of  a  balance  inftead  of  points,  f^tit 
unlefs  nmde  with  uncommon  accoracy,  they  will  render  the 
liAUatice  Tery  dull.  The  fmall  deviation  of  the  two  edges  A  and 
B,  or  of  Band  D,  from  perfefil  patallelifm  to  KN,  is  equiva- 
\tm  to  a  broad  furface  equal  to  the  whole  deviation.  We  ima- 
gine that,  with  no  extraordinary  care,  the  machine  may  be  made 
to  waigh  wkhin  ttstts^  of  ^^^  truth,  which  is  exa£t  enough  for 
any  purpOfe  m  commerce. 

It  is  ncc^ffary  'that  the  points  he  atta<Jhed  tO  the  bars.  Some 
have  put  the  points  at  A  and  £  in  the  blocks  Of  fteel  ftfftened  to 
tfce  bottom,  bccaufe  the  cavity  there  lodged  wsitcr  or  dirt,  which 
foon  deAtoyed  the  inftrument  with  ruft.  But  this  ocCafion^  a 
ohange  of  proportion  in  the  firft  lever  by  any  (lufting  ^  the' 
crooked  bar« ;  and  this  will  frequently  happen  when  the  whe^s 
of^akyadod  cart  arc  pnflted  on  th«  platform.  The  cavity  In  thfe 
li^  ftud  (houki  have  a  little  rim  round  it,  and  it  (houtd'be  kept 
ftli'df  oit.V  hi  a  nice  machine,  a  quatter  of  an  inch  of  qui(ft- 
fllve^  would  efedually  prevent  all  thcfe  inconveniences. 

^e(ifn|4eft  and  moft  "economical' form  of  this  machine  is 
to- have  nohifence^  orfecond  fteel-yard  ;  but  tO  make  the  firft 
ftfcel-yard  EOF  a  lever  of  the  firft  kind,  viz.  hating  the  ful- 
cfHii^betMr^i^^O^nd  Fyand  aTfow  it  to  projeft  farbeyond  (he 
\kit^  'The  long  Or  outward  arm  of  thit  lever  i^  iked  divided^ 
foUo  4-lcalt  of  weights,  comraencfaif  at  the  fid«  •f .  the  box. 
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A  ONmterpoife  muft  be  cholfen^  fich  as  wHl|  when  at  the  tiegnr^ 
abg  of  the  ica]e»  balance  the  fmalleft  load  that  will  probabljr 
be  examined*  It  will  be  comrenient  to  carry  on  this  fcak  b]r 
means  of  eke-weights  hung  on  at  the  extremttj  of  the  lever,  and 
to  ufe  but  one  moveable  weight.  By  this  method  the  divifiona 
of  the  fcale  will  have  always  one  value.  The  bed  arrangement 
Ss  as  follows :  place  the  mark  o  at  the  beginning  of  the  fcale^  and 
let  it  extend  only  to  ioO|  if  for  pounds ;  or  to  1 1 2|  if  for  cwts.  v 
or  to  io>  if  for  ftones;  and  let  the  eke-^weights  be  numbered 
X*  a,  3i  &c.  Let  the  lowe(^  weight  be  marked  on  the  boun. 
This  18  always  to  be  added  to  the  weight  fliewn  by  the  opera- 
tion. Let  the  eke-weights  ftand  at  the  end  of  the  beam,  and 
let  the  general  counterpoife  always  hang  at  o.  When  the  cart 
is  put  on  the  platform,  the  end  of  the  beam  tilts  up.  Hang  on 
the  heavicft  elce-weight  that  is  not  fufficient  to  prefs  it  down. 
Now  complete  the  balance  by  Aiding  out  the  counterpoife« 
Suppofe  the  conftant  load  to  be  3 1 2  lb.  and  that  the  counter* 

Cnfe  (lands  at  86,  and  that  the  eke-weight  is  9^  we  have  the 
ad  =  986  +  3129  =  1298  Ibs< 

VfiuGHin^G^apparatus  fir  goods.  Account  of  a  new  patent 
weighing- apparatus,  invented  by  Mr.  Hardie,  of  die  Bengal 
warehoiife. 

Although  the  operation  of  w;eighing  goods  for  fale  or  pay« 
ment  of  duty  requires  to  be  conducted  in  the  wav  beft  cadcu- 
lated  to  avoid  miilakes,  yet  we  find  that  the  feveral  modes  now^ 
in  ufe  are  fubjed  to  frequent  error  through  the  complicated 
procefs  of  reckoning  the  totals  of  hundreds,  quarters,  and  pounds 
refpe£lively,  and  retaining  them  in  memory  until  called  to  the 
book-keepers,  generally  amidft  the  buftle  of  porters,  carmen, 
cranemen,  and  others,  at  a  time  when  the  laborious  exertions 
of  lifting  the  heavy  weights  on  and  off  the  board  render  the. 
webhers  incapable  of  the  clofe  attention  which  an  accurate 
per^rmance  of  the  operation  demands. 

Experience  (hews,  that  in  cafes  of  menfuratton  the  ufe  of  % 
fcale  greatly  contributes  both  to  accuracy  and  difpatch.  Mr.' 
Hardie,  therefore,  by  means  of  giving  the  weights  a  certain 
form,  has  converted  the  operation  of  weighing  mto  an  opera* 
tion  of  menfuration^  for  the  purpofe  of  obtaining  die  important 
advantages  of  a  fcale  in  the  following  manner,  viz.  , 

Fig.  (.  p).  XXXIL  Plan  of  a  board  for  the  we^hti,.  about 
38  inches  by  32  inches,  capable  of  weighing  a  tonyon  whidl 
are  detineaied  two  fcales,  one  of  larger  divifions-  for  the  hsdf- 
hundred  weights^,  and  the  oth^r  of  fmaller  divHions  for  th*- 
pound  weights. 

Fig.  2.  Plan  of  a  ^alf-hundred  weight  of  eaftriroii«  A  ift'* 
ciccavation  fcrmin^  the  handle  without  projecting. 

Fig.  3«    $1eva(iqn  of   a  half-hundred  weight. .  A  JlH  <9^. 
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caVation  forming  the  handle,  with  B  a  hole  fo^  lead  to  adjuft 

Fig.  4  and  5.  Plans  of  two  half-hundred  weights*  flieiriiig 
the  manner  they  are  placed  to  fill  a  fquare  allotted  for  the 
amount  of  one  hundred  weight. 

Fig.  6.  End  elevation  of  the  pound  weights  of  brafs  fitted 
to  the  fcale  of  one  inch  to  a  pound)  the  part  fcooped  out  at 
the  fides  being  to  receive  the  points  of  the  fingers  and  thumb 
to  lift  them  without  handles. 

^rhe  larger  weights  are  placed  on  their  particular  fcale  bo- 
ginning  at  A  on  the  left,  and  proceeding  to  the  right,  and  ib 
on  with  each  row.  The  firifl  hundred  weight  covers  the  blank 
fquarej  the  feo^d,  the.fquare  marked  i  (  the  diird,  that 
marked  ^  \  and  fo  on,  refpectively. 

The  pound  weights  are  placed  on  their  pardcular  fcale,  hci- 
ginning  at  B  on  the  left,  and  proceeding  to  the  right.  .    ^ 

There  is  no  fcale  for  the  quarter  weights,  being  at  xooft 
only  two  in  nnmber,  namely,  a  half-hundred  weight  and  a 
quarter-hundred  weight,  of  which  the  total  is  evident  by  mere 
infpectionf  and  which  may  be  of  any  convenient  fliape,  and 
placed  confpicttoufly  above  the  two  weights  which  complete 
the  hundreds.    The  totals  of  the  hundreds  and  pounds  are  ini- 
dicat^d  by  the  numbers  next  to  the  weights  refpectively  on  the 
right  hand«    Hence  it  follows  that  the  amounts  of  the  weights 
on  the  board  in  hundreds,  quarters,  and  pounds,  are  accurately 
known  to  the  weighers  by  mere  infpe£tion ;  and  that  the  book- 
keeper has  it  in  his  power,  with  a  glance,  to  difcover  whether 
the  weighers  call  the  proper  weight ;  which  is  impracticable  by 
the  prefent  modes  of  weighing.    Boards  for  weighing  fmaller 
quantities  than  a  ton  might  be  made  on  the  fame  principle,  for 
weights  of  the  fame .  dimenfions,  with  fcales  adapted  to  the 
fize  of  the  board.    It  is  to  be  underftood  that  the  weighing  is 
Ijerformed  without  ^<  ftrikingthe  weights,''  which  is  the  com- 
inon  phrafe  for  lifting  all  the  weights  ofi^  the  board  each  operas  . 
tion ;  therefore  an  appropriate  mode,  according  to  fituation  and 
circumftances,  muft  be  adopted  to  fupport  the  board  with  the 
weights,  while  the  package  weighed  is  removing  from  its  board 
to  give  place* to  another;  when,  in  feme  inftances,  the  lajgo- 
i\e&  of  the  package  bulges  out  the  ropes  of  the  board,  render-- 
ing  it  neceffary  to  raife  the  board  with  the  weights  a  little 
higher^  ^In  fome  cafes  the  prop,  fig.  7.,  will  anfwcr  the  pur- 

{>pfe,  the  pinion  being  moved  by  a  winch.  In  other  cafes  the 
ever,  fig.  8.,  might  be  adopted,  and,  in  particular  inftances,  the 
whole  beam  and  fcales,  with  the  goods  and  weights,  might  be 
raifed  and  lowered  by  the  lever^  fig.  9.,  aififted  by  the  ^die^ 
ax)d  pinion, 

vox..'  XI,  «  s 
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*  The  gmteft.  individual  weight,  for  th&  purpofe  of  being 
portable,  is  a  half-hundred  weight.  The  common  balance  i* 
;ufed  with  this  weighing  apparatus,  as  it  proves  to  be  the  bed 
kind  of  balance  known  i  being  more  true  for  very  ponderoul 
bodies  than  the  fteelyard,  which  is  fometimes  ufed  where  great 
accttraey  is  not  required*  When  a  very  light  package  is  to  be 
iRreighed  with  a  board  adapted  for  a  much  gteater  weight,  « 
'hook  and  eye  are  to  be  ufed  at  each  of  the  two  cords,  fufpend-^ 
ing  the  board  for  the  weights  at  A  and  C,  in  order  to  ihortell 
them  and  prevent  the  board  from  leaning  to  one  fide.  Where 
•a  chain  inftead  of  a  rope  is  nkd,  one  of  its  links  will  fenre  as 
an  eye  to  the  hook. 

WHEELS  acting  upon  each  other  are  the  inftruments  by 
which  the  tranfmiffion  of  mechanic  force  from  one  part  of  a 
fyftem  of  machinery  t»  another  is  commonly  and  conveniently 
effected-    The  dUe  connexion  of  the  moving  parts  is  accom?. 
yliihed,  either  by  the  mutual  a£lion  of  proper  formed  teeth 
(fee  tl^  article  teeth  in.  this  volume),  by  ftraps  or  endleb 
bands,  or  by  the  fri&ion  of  one  face  of  a  wheel  againft  another* 
The  latter  method  has,  when  adopted,  been  generally  in  fmaH 
light  works,  where  the  preflure  upon  the  different  parts  of  the 
machinery  is  never  confiderable.    Mr*  Nkholfon  faw  a  drawing 
oS  a  fpinning-wheel  for  children,  at  a  charity  fchool,  in  which 
a  large  horizontal  wheel  with  a  fiip  of  buff-leather  glued  "bn  its 
upper  furface,  near  the  outer  edge,  drove  12  fpindles,  at  which 
the  fame  number  of  children  fat.    The  fpindles  had  each  a 
fmall  roller  likewife  faced  with  leather,  and  were  capable,  by- 
an  eafy  and  inftantaneous  motion,  of  being  thrown  into  con* 
tz<Et  with  the  large  wheel  at  pleafure.    Each  child,  therefore; 
could  throw  her  own  part  of  the  apparatus  into  work,  or  caufe 
it  to  (lop,  as  often  or  as  long  as  (he  pleafed.    The  winding 
bobbins  for  yarn  at  the  cotton*milIs  operate  on  the  fame  fimplc 
and  elegant  principle,  which  poffeiles  the  advantage  of  drawing 
the  thread  with  an  equal  velocity,  whatever  may  be  the  quaiv 
tity  on  the  bobbin,  and  cannot  break  it.    We  are  not  aware 
that  the  fame  mode  of  communication  has  been  adopted  in 
large  work,  except  in  a  faw-mill,  by  Mr.  Taylor,  of  Souths 
ampton.    In  this  the  wheels  zGt  upon  each  other  by  the  contact 
of  the  end  grain  of  wood  inftei^ekof  cogs :  the  whole  makes 
very  little  noiie,  and  wears  very  well^yit  has  now  been  in  nfe 
nearly  twenty  years.    There  is,  of  confequence,  a  contrivance  to 
mis^e  the  wheels  bear  firm  againft  each  other,  either  by  viredgo 
.at  the  fockets,  or  by  levers.     I'his  principle  and  method  oi 
tranfmitting  mechanic  power  certainly  deferves  every  attention  « 
particularly. as  the  cuftomary  mode  by  means,  of  teedli  requires 
mjich  (kill  and  care  in  the  execution  i  and>  after  all*  waall; 
^quent  repairs. 
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li^ND-MILL,  a«  its  name  importt;  is  a  mill  f6r  My  purpofe^ 
which  receives  its  motion  from  the  impulfc  of  the  wind. 

The  internal  ftrufture  of  wind-mills  is>  of  eourfe,  much 
the  fame  as  thofeof  water>miUs  :  the  dificrence  between  them 
lying  chiefly  in  the  exterior  apparatus,  the  one  to  receive  the 
force  of  the  water,  the  other  that  of  the  wind.  The  external 
apparatus  in  a  wind-mill  confifts  chiefly  of  the  fails  or  vases*/ 
which  are  commonly  four,  placed  in  neatly  a  vertical  pofition, 
and  as  they  turn  giving  a  rotatory  motion  to  an  axis  inclining 
but  a  little  from  tne  horizon.  The  ufual  conftrudion  and  ap- 
pearance of  the  fails  are  too  well  known  to  need  any  minute 
defcriptibn. 

As  the  dire&ion  of  the  wind  is  very  uncertain,  it  becomes 
neceflary  to  have  fome  coiitrivance  for  turning  the  fails  towards 
it,  in  order  to  receive  its  farce  in  whatever  way  it  may  turn  ; 
and  for  this  purpofe  two  general  methods  Ire  in  ufe.    In  the 
one,  the  whole  machine  is  fuftained  upon  a  moveable  arbor  o^ 
axis,  perpendicular  to  the  horizcm,'  which  is  fupported  by  a 
ftrong  ftand  or  foot  very  firmly  fixed  in  the  eartn  ;  and  thus» 
I)ty  means  of  a  lever,  the  whole  machine  may  be* turned  round 
a»  occafion  requires.    In  the  other  method,  onlythe  roof,  which 
in  drcular,  can  be  turned  round  by  means  of  a  lever  and  rollers, 
upon  which  the  circular  roof  moves.    This  laft  kind  of  wind* 
mill  is  moftly  built  of  ftone,  in  the  form  of  a  round  turret, 
having  a  large  wooden  ring  on  the  top  of  it,  above  which  the 
roof,  which  muft  likewife  he  of  wood,  moves  upon  rollers,  as 
has  been  already  mentioned.    To  efie£b  this  motion  the  more 
eafily,  the  wooden  ring  which  lies  on  the  top  of  the  building 
IS  fumiihed  with  a  groove,  at  the  bottom  of  which  are  placed 
a  number  of  braft  truckles  at  certain  diftances,  and  within  th^ 
groove  is  placed  another  rine,  by  which  the  whole  roof  is 
fiipported.    Beams  are  conneSed  with  the  moveable  ring,  and 
a  rope  is  fattened  to  one  of.  them,  which  at  the  lower  ex- 
ttemity  is  fitted  to  a  windlafs  or  axis  in  peritrbchio;  and  this 
rope  being  drawn  through  an  iron  hook  fixed  at  the  ground, 
and  the  wmdiafs  turned  round,  the  fails  and  roof  will  be  turned 
round  alfo,  in  order  to  catch  the  wind  in  any  dire£iion.     Both 
thefe  methods  of  conftro&ion  have  their  advantages  and  dif- 
advantages.    The  former  is  the  leaft  expenfive,  as  the  whole 
may  be  made  of  wood,  and  of  any  form  that  is  thought  proper ; 
while  the  other  requires  a  more  coftly  building  :  .and  the  ro#f 
being  round,  the  building  muft  alfo  be  fo;  while  the  former  can 
be  made  o£  any  form,  but  has  the  inconvenience  of  being  liable 
to  be  carried  oSf  altogether  by  a  very  hi?b  wind. 

In  art.  50,  of  the  tntrodu£bory  part  of  this  volume,  we  have 
flfttcd  the  prancipsj  refulcs  of  the  experiments  and  refearches  of 
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Sn»niton,  fdadve  to  the  dnpe,  pofitkm,  and  roaghitade  of  fails, 
when /0ttr  is  the  number  adopted.  To  theie  it  might  be  proper 
to  add  here  feme  of  the  remarks  which  hare  hecn  made  by 
Parent,  Euler,  and  other  philofophers :  but  as  none  of  them, 
except  a  few  by  Coulumbt  which  will  be  mentioned  preiently, 
appear  any  way  comparable  in  point  of  pra&ical  utility  with 
thofe  of  Smeaton  ;  and  as  they  include,  befides,  feme  rery  in- 
tricate ioveftigattoiis;  we  conceive  they  may  be  omitted  without 
any  ferious  difadrantage  to  the  ftudent.  We  fliail  now,  there-* 
fore,  proceed  to  defcrme  a  wind-miH,  varying  in  many  refpecis 
from  the  common  conftru&ion,  invented  by  Mr.  James  Venrier, 
who  received  a  premium  from  the  Society  of  Arts,  for  this  ufe* 
fill  feecimen  of  his  ingenuity. 

1  nis  mill,  which  has  8  quadrangular  fails,  is  repieiented  in 
fig.  7.  pL  XXXVIL  where  AAA  ace  die  three  principal  pofts^ 
27  feet  7^  indies  long,  aa  inches  broad  at  their  lower  e%» 
tremities,  it  inches  at  their  upper,  and  17  inches  thick.    The 
cohimii  B  is  11  feet  a4  inches  long^  19  inches  in  diameter  at 
its  lower  extremity,  and  16  inches  at  its  upper :  it  is  fixed  in 
the  centre  of  th^  mill,  paifes  through  die  mil  Boor  E,  having' 
its  upper  extremity  fecmred  by  the  bars  GG.    ££E  are  the 
girders  of  the  firft  ikor,  one  of  which  only  is  feen,  being  S 
Ket  3  inches  long,   11  inches  broad,  and  9  thick:  they  are 
morttfed  into  the  pods  AAA  and  the  column  B,  and  are  about 
8  feet  3  inches  diflant  frmn  the  eround  floor.    DDD  are  three' 
pods,  6  feet  4  inches  long,  9  inches  broad,  and  6  inches  diick : 
they  are  mortifed  into  the  girders  £F  of  the  firft  and  fecond 
iloof,  at  the  dtftance  of  2  feet  4  inches  from  the  pofts  A,  dec 
FFF  are  the  girders  of  the  fecond  floor,  6  feet  long,  ix  inches 
hroad,  and  9  thick :  they  are  mortifed  into  the  pods  A>  &c. 
and  red  upon  the  upper  extremities  of  the  pofts  D,  &c.    The 
three  bars  GGG  jire  3  feet  14  inches  long,  7  inches  broad,  and 
3  thick  :  they  are  mortifed  into  the  pofts  D  and  tJbe  upper  end 
of  the  column  B,  4  feet  3  inches  above  die  floor.    P  is  one  of 
the  beams  which  fupport  the  extremities  of  the  bray- trees  or 
brayers :  its  length  is  2  feet  4  inches,  its  breadth  8  inoies,  and 
its  thicknefs  6  inches*    I  is  one  of  the  bray..tr0es  into  which 
the  extremity  of  one  of  the  bridge-trees  K  is  mortifed*    Each 
bmy-tree  is  4  feet  9^  inches  long^  91^ itches  broa<},  and  7  thicks 
and  each  bridge-tree  is  4  feet  6  inches  long,  9  inches  bvoad, 
and  7  thick,  being  furniflied  with  a  piece  of  brafs  on  hs  upper 
furfece  to  recdve  the  under  pivot  01  the  mill-ftones.    LL  are 
two  iron  fcrew-bolts,  which  raife  or  depreJGft  the  extremities  of 
the  bray-trees.    MMM  are  the  three  mill-ftones,  and  NNN  the 
iron  fpindles  or  arbors  on  which  the  taming  mill«ftone»  are 
fixed<    O  is  one  of  diree  wheels  or  )ruodk»  wUch.  are  Exed 


^n  the  upper  ends  of  the  fpindles  NNN :  they  are  t6  inches  ia 
'diameter,  and  each  is  fumiflied  with  14  (laves,  /is  one  of  the 
carriage»rails  on  which  the  upper  pivot  of  the  fpindle  turns, 
^nd  is  4.  feet  2  inches  longi  7  ]ncl>e$  broad,  and  4  thick.  It 
turns  on  ^n  iron  bolt  at  one  end,  and  the  other  end  flides  in  2, 
bracket  fixed  to  one  of  the  joifts,  and  forms  a  mortife  in  whtca 
i>i  v^edge  is  driven  to  fet  the  rail  and  trundle  in  or  out  of  work : 
/  is  the  horizontal  fpur-wheel  that  impels  the  trupdies }  it  is  c 
feet  6  inches  diameteri  is  fixed  to  the  perpendicular  (haft  1^ 
and  is  fami(hed  with  42  teeth.  The  perpendicular  (haft  T  is 
9  feet  I  inch  long,  and  14  inch^^  in  diamejten  having  an  iron 
fpindle  at  each  of  its  extremities :  the  under  (pindle  turns  in  a 
brafs  block  fixed  i^to  the  higher  end  of  the  column  6 ;  and 
the  upper  fpindle  moves  in  ^  ora/s  plate  inferted  into  the  lowqr 
furface  of  tht  carriage-rail  C.  The  fpur-wheel  r  is  fixed  on 
the  upper  end  of  the  fliaft  T,  and  is  turned  ^y  the  crown 
wheel  V  on  the  wiQd(haft  c ;  it  isj  feet  2  inches  in  diameter, 
and  is  furni(hed  with  15  cogs.  The  carriage-rail  C,  which  1$ 
fixed  on  the  Aiding  kerb  Z,  i§  1 7  feet  2  inches  long,  i  foot 
)>road,  and  9  inches  thick.  TYQ^is  the  fixed  kerb,  17  feet  3 
inches  diameter,  14  incbes  broad,  and  10  thick^  and  is  mgrtifed 
Jnto  the  polls  AAA,  and  fattened  with  fcrew-bolts.  The 
Aiding  kerb  Z  is  of  the  fame  diameter  and  breadth  as  the  fixed 
kerb,  but  its  thickncfs  is  only  7!  inches  It  revolves  on  la 
fri^lion-roUers  fixjed  on  the  upper  furface  of  .the  kerb  TYQj^ 
and  has  4  iron  half-ftaples,  IT,  T$  &c.  fattened  pq  its  outer 
.edge,  whofc  perpendicular  arms  are  10  inches  long,  2  inches 
broad,  and  i  inch  thick,  and  embrace  the  outer  edge  of  the 
fixed  kerb,  to  prevent  the  Aiding  one  from  bein^;  blown  oiF. 
Th^  capjlUs  X,  V,  are  13  feet  9  inches  long,  14  niches  broad, 
and  i  foot  thick ;  they  are  fixed  at  each  end  witb  ftrong  iron 
fcrcw-bolts  to  the  (U^ing  kerb,  and  to  the  carriage-rail  C  O^i 
the  right  hand  of  w  is  leen  the  extremity  of  ?  crofs-rail,  which 
is  fixed  into  the  capfiUs  X  and  V  by  ftrong  iron  bolts :  eh^ 
bracket  5  feet  long,  16  inches  broad,  and  lo  inches  thick  ;  it 
is  bufhed  with  ^  ftrong  brafs  collar,  in  which  the  inferior  fpindle 
jpf  the  windibaft  turns,  and  is  fixed  to  the  crofs-rail  w:hi^ 
another  bracket  7  feet  long,  4  feet  broad>  and  10  inches  thick  ; 
^t  IS  fixed  into  the  fore  ends  of  the  capfills,  and,  in  order  to 
embrace  the  collar  of  the  windfhaft,  it  is  divided  into  two  parts 
which  are  fixed  together  with  fcrew-bolts.  The  wind0iaft*r  is 
15  feet  long,  2  feet  in  diameter  at  the  fore  end,  and  18  inches 
r^t  the  other  :  ks  piyot  at  the  back  end  is  6  inches  diameter  j 
and  the  ihaft  is  perforate4;  to  admit  an  iron  rod  to  pafs  eaiily 
through  it.    The  vertical  crovn-wheel  v  is  6  feet  in  diameter^ 

W4  is  fumilbed  vitb  54  cogs  which  driVe  the  fpur  wheel  r. 
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The  bolder  rf,  which  is  6  feet  3  inches  long,  i  j  inches  broad, 
and  half  a  foot  thick,  is  fattened  into  tlie  crof^rail  w^  ^ireQlj 
under  the  centre  of  the  windfhaft,  having  a  brafs  pulley  fixed 
at  its  fore  end.  On  the  upper  furface  of  this  bolftcr  is  a  groove 
in  which  the  Aiding  bolt  R  moves,  having  a  brafs  ftud  at  its 
fore  end.  This  Aiding  bolt  is  not  diftindly  feen  in  the  flgure, 
but  the  round  top  of  the  brafs  ftud  is  viAble  below  the  letter  h ; 
the  iron  rod  that  paAes  through  the  windfliaft  bears  againft  this 
brafs  ftud.  The  Aiding  bolt  is  4  feet  o  inches  lone,  9  inches 
broad,  and  4-  of  a  foot  thick.  At  its  fore  end  is  fixed  a  line 
which  pafles  over  the  brafs  pulley  in  the  bolfter,  and  appears  al^ 
a  with  a  weight  attached  to  its  extremity,  fufficient  to  make  the 
fails  face  the  wind  that  is  ftrong  enough  for  the  number  of 
ft  ones  employed  ;  and  when  the  prcflurc  of  the  wind  is  more 
than  fufficient,  the  fails  turfi  on  an  edge,  and  prefs  back  the 
Aiding  bolt,  which  prevents  them  from  moving  with  too  great 
velocity }  and  as  foon  as  the  wind  abates,  tne  fails,  by  the 
weight  a-i  arc  prefled  up  to  the  wind  till  its  force  is  fufficient  to. 
give  the  mill  a  proper  degree  of  velocity.  By  this  apparatus 
the  wind  is  regulated  and  juftly  proportioned  to  the  rcfiftance 
or  work  to  be  performed  ;  an  uniformity  of  motion  is  alfo  ob- 
tained, and  the  mill  is  lefs  liable  to  be  deftroyed  by  the  rapidity 
of  its  motion. 

That  the  reader  may  underftand  how  thcfe  eAre£ts  arc  prol 
duced,  we  hav^  repre&nted,  in  fig.  8.,  the  iron  rod,  and  the 
arms  which  bear  againft  the  vanes :  ah  is  the  iron  rod  which 
paAes  through  the  windfhaft  c  in  fig.  7. ;  A  is  the  extremity 
which  moves  in  the  brafs  ftud  that  is  fixed  upon  the  Aiding 
bolt ;  "a  /,  a  i,  &c.  are  the  crofs-arms  at  right  angles  to  a  h^ 
whoft  extremities  r,  i,  fimilarly  marked  in  fig.  7.,  bear  upon  the 
edges  of  the  vanes.  The  arms  a  i  ate  6\  feet  long,  Reckoning 
from  the  centre  0,  i  foot  broad  at  the  centre,  and  5  inches 
thick  ;  the  arms  /i,  n,  &c.  that  carry  the  vanes  or  fails,  are  18^ 
feet  long,  their  greateft  breadth  is  1  foot,  and  their  thicknefs 
9  inches,  gradually  diminifliing  to  their  extremities,  where  they 
are  only  3  inches  in  diameter.  The  4  cardinal  fails,  m,  m,^,  m, 
are  each  13  feet  long,  8  feet  broad  at  their  outer  ends,  and  3 
feet  at  their  lower  extremities ;  /,  /,  &c.  are  the  four  affiftant 
fails  which  have  the  fame  dimenfions  as  the  cardinal  ones,  to 
which  they  are  joined  by  the  line  SSSS.  The  angle  of  the 
fail's  inclination  when  firft  oppofed  to  the  wind  is  45  degrees^ 
and  regularly  the  fame  from  end  to  end. 

It  is  evident  from  the  preceding  defcription  of  this  machine^ 

that  the  windfliaft  c  moves  along  with  the  fails :  the  vertical 

crowi^-wheel  v  impels  the  fpur-whecl  r,  fixed  upon  the  axis  T, 

'hich  carries  alfo  the  fpur-yrheei  t    This  wliee^  drives  th^ 
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tWec' trundles  H,  one  of  which  only  is  feen  In  the  fijgureJ 
Drhich  being  fixed  upon  the  fpindles  N,  &c.  communicate  moi> 
Cion  to  the  turning  mill-ftones. 

That  the  wind  may  aft  with  the  greateft  efficacy  upon  the  . 
Ails,  the  windfliaft  or  principal  axis  muft  always  hare  the  fam« 
direftion  as  the  wind.  But  as  this  dire£tion  is  perpetually 
changing,  fome  apparatus  is  neceifary  for  bringing  the  windfhatt 
and  fails  into  their  proper  pofition.  As  both  the  common 
methods  of  adjufting  the  windfliaft  require  human  afliftancei 
it  would  be  very  deurable  that  the  fame  cflFcft  fliould  be  pro^ 
duced  folely  by  the  aftion  of  the  wind.  This  may  be  done  by 
fixing  a  large  wooden  vane  or  weathercock  at  the  extremity  of 
a  long  hori2ontal  arm  which  lies  in  the  fame  vertical  plane  with 
the  windfhaft.  By  this  means,  when  the  furface  of  the  vane 
and  its  di  (lance  from  the  centre  of  motion  are  fufficiently  great, 
'a  very  gentle  breeze  will  exert  a  fufficicnt  force  upon  the  vane 
to  turn  the  machinery,  and  will  always  bring  thfe  fails  and 
windfliaft  to  their  proper  pofition.  This  weathercock,  it  is 
evident,  may  be  applied  either  to  machines  which  have  a  move* 
able  roof,  or  to  those  which  revolve  upo«  a  vertical  arbor. 

Prior  to  the  French  revolution,  wind-mills  were  more  nu* 
merous  in  Holland  and  the  Netherlands  than  in  any  other  part 
of  the  world,  and  there  they  feem  to  have  been  brought  to  a 
very  high  fl:ate  of  pcrfeftion.  This  is  evident  not  only  from 
*the  experiments  of  Mr.  Smeaton,  from  which  it  appears  that 
fails  weathered  in  the  Dutch  manner  produced  nearly  a  maxi* 
mum  cjfeA,  but  alfo  from  the  obfervations  of  the  celebrated 
Coulomb.  This  philofopher  examined  above  fifty  wind-mills  in 
the  neighbourhood  of  Lifle,  and  found  that  each  of  them  per* 
formed  nearly  the  fame  quantity  of  work  when  the  win^  moved 
with  the  velocity  of  1 8  or  ao  feet  per  fecond,  though  there 
'were  fome  trifling  difl^erences  in  the  inclination  of  their  wind*- 
ihafts,  and  in  the  difpofition  of  their  fails.  From  this  fa6l. 
Coulomb  juftly  concluded  that  the  parts  of  the  machine  muft 
.have  been  fo  clifpofed  as  to  produce  nearly  a  maximum  ttkSt: 

In  the  wind-mills  on  which  Coulomb's  experiments  were 
made,  the  diftance  from  the  extremity  of  each  fail  to  the 
centre  of  the  windfliaft  or  principal  axb  was  33  feet*  The 
fails  were  redangular,  and  their  width  was  a  little  more  than 
6  feet,  5  of  which  were  formed  with  cloth  ftretched  upon  a 
frame,  and  the  remaining  foot  confifted  of  a  very  light  board. 
The  line  which  joined  the  board  and  the  cloth  formed,  on  the 
iide  which  faced  the  wind,  an  angle  fenfibly  concave  at  the 
commencement  of  the  fail,  which  diminiflied  gradually  till  it 
vanHhed  at  its  extremity.  Though  the  furface  of  the  clotb 
»rai  cttvredi  it  may  be  legarded  as  compofed  of  fight  Uaei 
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oerpeBdlcvlar  to  die  ami  or  whip  which  carrier  the  frame,  tfa% 
extremities  of  thefe  lines  correfponding  with  the  cqncave  angio 
formed  by  the  junf^ion  of  the  cloth  and  the  board.  Upoii 
this  fuppoiition  thefe  right  lines  at  the  commencement  of  the 
£ail|  wmch  was  diftant  about  $  feet  from  the  centre  of  the 
wind(haft>  formed  an  angle  of  60  decrees  with  the  axis  or 
windfliaft>  and  the  lines  at  the  extremity  of  the  wing  formed 
an  angle  increafing  from  73  to  84  degrees,  according  as  the 

i inclination  of  the  axis  01  rotation  to  the  horizon  increafed 
rom  8  to  15  degrees ;  or  in  the  millwright's  terms,  the  freateft 
angle  (f  weather  was  30  de^ees,  and  Uie  leaft  varied  irom  it 
to  6  degrees,  as  the  inclination  of  the  windlhaft  varied  from  % 
to  15  degrees.  A  pretty  diilin£^  idea  of  the  furface  of  windr 
mill  fails  may  be  conveyed  by  conceiving  a  number  of  triangles 
ftanding  perpendicular  to  the  horizon,  in  which  the  angle  con- 
tained between  the  hypothenufe  and  the  bafe  is  conftantly 
fdiminifhmg  ;  the  hypothenufe  of  each  triangle  will  then  be  in 
^he  fuperficies  of  the  vane,  and  they  would  form  that  fuperficifiii 
|f  their  number  were  infinite. 

Mr.  Richard  Hall  Gower,  a  gentleman  in  the  (ea  fervice  of  the 
^ftvln^ia  pompany,  made  fome  judicious  experiments  with  a 
view  of  determining  the  proper  angles  of  weather  which  ought 
to  be  given  to  the  vanes  of  a  vertical  wind-mill :  his  general  cOQi- 
pluGon  is,  that  eaph  vane  ihould  be  %  fpiral,  getierated  by  the 
pircular  piotion  of  a  radius,  and  of  a  )ine  moving  at  right  angles 
to  the  plane  of  a  circular  motioti.  The  fX)nftru&ion  he  de- 
fluces  irom  his  enquiries  is  fimplci  being  this : 

The  length,  breadth,  and  angle  of  weather  at  the  e^^tremity 
pi  a  vane  being  given;  to  determine  the  angles  of  weather  sit 
different  difts^nces  from  the  centre. 

Let  A3,  fig.  9.^1.  XXXV.  be  the  length  of  the  vane;  BC  iu 
))readth;  and  BCI)  the  angle  of  weather  at  the  extremity  of  the 
vane,  equal  to  20  degrees.  With  the  lengdi  of  the  vane  AB, 
And  breadth  BC,  conftru^  the  ifofceles  triangie  ABC:  from  the 
point  B  draw  BD  perpendi(:ular  to  CB*  then  BD  is  the  prope^r 
flepth  of  the  vane. 

Divide  the  line  AB  into  any  number  of  parts  (five,  for 
inftance);  f^t  thofe  divifions  draw  the  lines  i£,  9F9  36>an4 
4H,  parallel  to  the  line  BC;  alfp,  from  the  points  of  divi- 
ifion  I,  2,  3i  and  4,  draw  the  lines  il,  2K,  3L,  and  4M^ 
perpafidicular  to  i£,  2F,  3G,  Sec.  all  of  them  equal  in  kagth 
to  BD.  Join  £1,  FK,  GL,  and  HM:  then  the  smglee  lEI, 
2FK,  3GL,and  4HM,  are  the  angks  of  weath^  at  thofe  dbi* 
$ons  of  tlw  vane ;  and  if  th^  triangles  be  «o|iceive4  to  ftand 

Dendicularly  to  the  plane  of  the  paper,  the  angles  I,  £^ 
A^  and  D,  beopming  tJ^e  vertical  as^Mi  ^  by(>otbentt|q 


nf  ihefe  Crianglci  will,  as  beibre  Aiggeftcids  give  a  pcrfeA  i4€« 
of  the.  weathering  of  the  vaae  as  it  recedes  from  the  centre. 
JPbiL  Mag.  Ho.  14* 

Some  theoretical  remarks  cm  thia  Aibjed  are  inserted  ia 
vol.  u  art.  547. 

Mr.  John  BywaC6r»  of  NottiQghain»  took  out  a  patent  in 
September^  1804,  for  a  method  of  clothing  and  unclothing 
the  failst  of  windmilla  itfiiie  in  motion  (provided  they  are  made 
^ter  the  Dutch  manner)^  by  which  the  mill  may  be  ck>(iied 
eilber  in  whole  or  in  part,  in  an  eafy  and  expedicipua  manner* 
)»y  a  few  revolutions  of  the  fails,  whether  they  are  going  fail 
01  flow,  leaving  the  furface  fmooth»  even,  and  regular  in  breadtih 
from  top  to  bottom;  and  in  like  manner  the  clothe  or  any  part, 
.of  iitf  may  be  rolled  or  foMed  up  to  the  whip  at  pkafure,  bf 
jimple  and  durable  machinery.  The  invention  confiils  in  either 
folding  or  unfolding  the  cloths  while  the  fails  are  in  motion,  by 
means  of  cylinders  or  rollers  of  any  ihape»  as  long  as  the  failst 
with  a  toothed  wheel  at  one  end  of  each,  working  either  dire&ly 
or  indire&ly  into  two  wheels  without  aroMt  which  are  hung  fo 
aa  to  turn  upon  a  ring  of  iron  fixed  to  the  ihaft-head  clofe 
|[>ebind  the  back-ftocks,  and  which  may  be  alternately  ftopped; 
(f>  that  the  wheels  at  the-ends  of  the  cylindej:!S  muft  direfUy,  or 
by  means  of  a  connef^ion  of  wheels  called  carriers  or  nuts, 
work  into  them  by  revoWing  round  them  tlirough  the  power  of 
^the  wind  a£Ung  on  the  fails;  fo  that  the  cylinders  muft  necef- 
farily  turn  round,  and  roll  up  or  fold,  or  unroll  or  unfold  the 
cloth  which  is  faftened  to  them,  according  to  the  refpcckive 
.wheel  without  arma,  which  is  flopped  Car  i^t  purpofe«  Such 
is  tlie  general  contrivance:  a  detailed  account*  with  figures, 
may  be  feen  in  the  Repertory  of  Arts,  &c.  vol.  vi.  N*  S» 

tiorizontal  Wind-mills.  A  variety  of  opinions  have  been 
eatertaioed  reipefking  the  relative  advantages  of  horizontal  and 
vertical  windnnills.  Mr*  Smeaton,  with  great  juftice*  gives  a  ' 
decided  preference  to  the  latter;  but  when  he  aflerts  that  hoo* 
zontal  wind*mills  have  only  ^  or  Vv  ^^  ^^  power  of  vertical 
ones,  he  certainly  forms  too  low  an  eilimate  of  their  power. 
Mr.  Beatfon*  on  the  contrary,  who  has  received  a  patent  for  the 
(Donftmflton  of  a  new  horizontal  wind-mill*,  feems  to  be 
prejudiced  in  their  favour,  and  greatly  exaggerates  their  com- 
parative value.  From  an  impartial  inveiligation,  it  will  probably 
appear  that  the  truth  lies  between  thefe  two  oppofite  opinions; 
but  befose  entering  on  this  difcuflion,  we  muft  firft  conCder  the 
jpatuDe  andXorm  of  horizontal  wind-mills. 

In  fig.  9«  of  plate  2(XXVII.  CK  is  the  vertical  axis  or  the 

f  ^l^cpect(vy  vf  Art%  Jcc  v^is.  p.  sj.    N  & 
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vrind^-ihafty  which  metres  upon  pmts.    Fdur  crofs-bars^  CA^ 

CD,  IBy  FG,  are  fixed  to  this  arbor,  which  carry  the  frames 

APIB,  DEFG.    The  fails  AI»  EG,  are  ftretched  upon  thefe 

frames,  and  are  carried  round  the  axis  CK.  by  the  perpendicular 

impulfe  of  the  wind.     Upon  the  axis  CK  a  tooUied  wheel  fs 

fixed,  which  gives  motion  to  the  particular  machinery  that  is 

.employed.     In  the  figure,  only  two  fails  are  reprefented;   but 

there  are  always  other  two  placed  at  right  angles  to  thefe. 

**Now,  let  the  fails  be  expofed  to  the  wind,  and  it  will  be  evident 

■  that  no  motion  will  enfue;  for  the  force  of  the  wind  upon  the 

•fail  A I  is  countera£ted  by  an  equal  and  oppofite  force  upon 

the  fall  EG.    In  order,  then,  that  the  wind  may  communicate 

motion  to  the  machine,  the  force  upon  the  returning  fail  EG 

mud  either  be  removed  by  fcreening  it  from  the  wind,  or  di» 

miniihed  by  makiog  it  prefent  a  lefs  furface  when  returning 

.againft  the  wind.    The  firft  of  thefe  methods  is  adapted  iu 

Tartary,  and  in  fome  provinces  of  Spain  j  but  is  ob}c£led  to  by 

Mr.  Beatfon,  from  me  inconvenience  and  expence  of  thfe 

machinery  and  attendance  requifite  for  turning  the  foreens  inix> 

their  proper  pofitions.    Notwtthftanding  this  obje£tion,  how- 

ev«r,  this  is  probably  the  beft  method  of  diminifting  the  adioo 

of  the  wind  upon  the  returning  fails;  for  the  moveable  fcreeki 

may  eaiily  be  made  to  follow  the  direction  of  the  windj  and 

aflume  its  proper  pofition,  by  means  of  a  large  wooden  weather- 

'  cock,  without  the  aid  either  of  men  or  machinery.     It  is  true» 

indeed,  that  the  refiftance  of  the  air  in  the  returning  fails  is 

not  completely  removed;  but  it  is  at  leaft  as  much  diminiihed 

'  «s  it  can  be  by  any  method  hitherto  propofed.     Befides^  when 

.  this  plan  is  retorted  to,  there  is  no  occaiion  for  any  moveable 

flaps  and  hinges,  which  muft  add  greatly  to  the  expence  of 

'  every  other  method. 

The  mode  of  bringing  the  falls  back  againil  the  windy  which 

'  Mn  Beatfon  invented,  is,  perhaps,  the  fimplefl:  and  beft  for  that 

*  end.     He  makes  each  fail  AI  to  confift  of  6  or  8  flaps  or  vanes, 

AP  i  I,  6  I  c  2,  Sec.  moving  upon  hinges  reprefented  by  the 

dark  lines,  AP,  3  i,  ^  2,  &€.  fo  that  the  lower  fide  b  i  of  the 

firft  flap  wraps  over  the  hinge  or  hiriier  fide  of  the  fecond  flap, 

and  fo  on.    When  the  wind,  therefore,  z&b  upon  the  fail  AJ, 

each  flap  will  prefs  upon  the  hinge  of  the  one  immediately 

below  it,  and  the  whole  furface  of  the  fail  will  be  expofed  to  its 

adion.     But  when  the  fail  AI  returns  againft  the  wind,  the 

flaps  will  revolve  round  upon  their  hinges,  and  prefent  only 

their  edges  to  the  wind,  as  is  reprefented  at  EG,  fo  that  the  ne-» 

"  fiftance  occafioned  by  the  return  of  the  fail  muft  be  greatly 

diminiflied,  and  the  motion  will  be  continued  by  the  great 

fupcriotity  of  forc^  exerted  upon  tfa^  fails  in  the  pofition  AI. 
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In  computtng  tlic  force  of  the  wind  upon  the  fall  AI,  and  tho 
tefiftance  oppofed  to  it  by  the  edges  of  the  flaps  in  EG,  Mir. 
Beatfon  finds,  that  when  the  preffure  upon  the  former  is  18714 

■  pounds,  the  refiftance  oppofed  by  the  latter  is  only  about  36 
pounds,  or  ^^^  part  of  the  whole  force;  but  he  neglefts  the 
a£tion  of  the  wind  upon  the  arms,  CA,  &c.  and  the  frames 
which  carry  the  fails,  becaufe  they  expole  the  fame  furface  In 

'  the  pofition  AI,  as  in  the  pofition  EG.    This  omiffion,  hc/W- 

'  ever,  has  a  tendency  to  miflead  us  in  the  prefent  cafe,  as  we 

(hall  now  fee 5  for  we  ought  to  compare  the  whole  force  ^xert- 

ed  upon  the  arms,  as  well  as  the  fail,  with  the  whole  refiftancfe 

■  which  thefe  arms  arid  the  edges  of  the  flaps  oppofe  to  the 
motion  of  the  wind-mill.  By  inft>e£Hng  fig.  9.,  it  will  hppeaf, 
that  if  the  force  upon  the  edges  of  the  flaps,  which  Mr.  Beatfon 
fuppofed  to  be  12  in  number,  amounts  to  36  pounds,  the  force 
fpent  upon  the  bars  CD,  DG,  GF,  FE,  &c.  cannot  be  Icfs  than 
60  pounds.  Now,  fince  thefe  bars  are  zGttA  upon  with  ah 
equal  force,  when  the  fails  have  the  pofition  AI,  1872+60=  19311 
will  be  the  force  exerted  upon  the  fail  AI  and  Its  appendages, 
while  the  oppdfite  force  upon  the  bars  and  edges  of  the  flaps 

"when  returning  againft  the  wind  will  be  36  +60  =90  pounds^ 
which  is' nearly  ^^  of  1932,  inttead  of  -^  as  computed  by  M^, 
Beatfon.  Hepce  we  roar  fee  the  advantages  which  will  pro*, 
bably  arife  from  ufing  a  fcreen  for  the^xetdming  fail  inftead  of 
moveable  flaps,  as  it  will  preferve  not  only  the  fails,  but  the 
arms  and  the  frame  which  fuppprt  it,  from  the  ad^ion  of  the 
i^ind*. 

Mr.  Brewfter  makes  alfb  the  following  remarks  on  the  com- 

Earativc  power  of  horizontal  and  vertical  wind-mills.  It  ha$ 
e^n  already  dated,  that  Mr.  Smeaton  rather  under-rated  xhk 
former  while  he  maintained  that  they  have  only  \  or  tV  ^^ 
power  of  the  latter.  He  obferves,  that  when  the  vanes  pf  a  hori- 
•  zontal  and  a  vertical  mill  are  of  rfie  fame  dimenfions,  the  power 
.  of  the  latter  is  4  times  that  of  the  former,  becaufe,  in  the  flHl 
cafe,  only  one  fail  is  afted  upon  at  once,  while,  in  the  fecorid  cafe, 
all  the  four  receive  the  impulfe  of  the  wind.  This,  howef  er,  i^ 
not  ftriftly  true,  fince  the  vertical  fails  are  all  oblique  to  the 
direftion  of  the  wind.  Let  us  fuppofe  that  the  area  of  each 
fail  is  100  fquare  feetj  then  the  power  of  the  horizontal  fall 
may  be  called  joo  X  fin.*  70°  (Vhich  is  the  common  angle  of 

*  The  fails  of  horizontal  wind- mills  are  fometimes  fixed  like  float- 
boards  on  the  circumference  of  a  large  drum  or  eyimder.  Thefc  fails 
move  upon  hinges  Hqa'a  to  ftaud  at  light  angles  to  the  drum,  when  they 
are  to  receive  the  impulfe  of  the  wind ;  and  when  they  return  againft 
ijt,  they  fqld  down  upon  i(s  cirqttnvf«:icnce.  See  Repertory:  gf  Arts> 
vol.  6.  * 
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inctinatidn)  es  88  nearly;  but  fince  there  are*  4  vertical  fAf% 
the  power  of  thdm  all  will  be  4  x  88  :s  352 :  fo  that  the  power  of 
the  horizontal  (ail  is  to  that  of  the  4  vertical  ones  as  i  to  3.5:2, 
and  not  as  i  to  4,  according  toMr.  Smeaton.  But  Mr.  Smeaton 
alfo  obfervesy  that  if  we  confider  the  further  di£<idvantage  which 
arifes  from  the  difficulty  of  getting  the  fails  back  agaiuft  the 
wind,  we   need  not  wonder   if  horizontal  wind-mills  have 
only  about  4  or  ^V  of  the  common  fort.    We  have  already 
.feeu  that  the  refiftance  occafioned  by  the  return  of  the  fails 
amounts  to  -^^^  of  the  whole  force  which  they  receive;  by  fulK 
trailing  ^^,  therefore,  from  y^^y  we  fliall  find  that  the  power  of 
horizontal  wind*mill3  is  only  ^:|4,  or  little  more  than  ^  lefs 
than  that  of  vertical  ones.  This  calculation  proceeds  upon  a  fup<- 
pofition  that  the  whole  force  exerted  upon  vertical  fails  is 
emploved  in  turning  them  round  the  axis  of  motion;  whereas 
a  conuderable  part  of  this  force  is  loft  in  preffing  the  pivot  of 
the  axis  or  wind-fhaft  againft  its  gudgeon.     Mr.  Smeaton  has 
overlooked  this  circumftance,  otherwife  he  could  never  have 
maintained  that  the  power  of  4  vertical  fails  was  quadruple  the 
power  of  one  horizontal  fail,  the  dimenfions  of  each  being  the 
fame.    Taking;  this  circumilanee  into  the  account,  we  cannot 
be  far  wrong  m  faying  that,  in  theory  at  lead,  if  not  in  pra^Uce, 
the  power  of  a  horizontal  wind*mill  is  about  -f  or  ^  of  the 
power  of  a  vertical  one»  when  the  quantity  of  furface  and  the 
form  of  the  fails  are  the  fame,  and  wnen  all  the  parts  of  the  hori- 
jBontal  fails  have  the  fame  diftance  from  the  axis,  of  motion  as 
the  correfpondang  parts  of  the  vertical  fails.    But  if  the  horizon- 
lad  fails  have  the  pofition  AI,  EG,  in  fig.  9,  inftead  of  the 
pofition  CA  dm,  CD  0 «,  their  efFeA  will  be  greatly  increajG^d, 
iibottgh  the  quantity  ^i  furface  is  the  fame,  becaufe  the  part 
CP  3  tn  being  transferred  to  BI  3  //,  has  much  more  ^power  to 
torn  the  fails.    Having  this  method,  therefore^  of  increaiing 
ihe  effe&  of  horizontal  fails,  which  camiot  be  applied  to  vertical 
pnes,  vve  would  encourage  every-  attempt  to  improve  their  con* 
ftnulion,  as  ziot  only  laudable  in  itfelf,  but  caleulated  to  be  of 
cflential  utility  in  a  commercial  country.     Brevjfter^s  Ferguf^^ 
vol.  ii.     See  also  Condensbr  <rf  Forces  in  this  voL     ' 

An  ingenious  horizontal  mill  by  Mefirs*  Cliude  Fran^ns  and 
Jtan  Claude  du  Boft^  is  defcribed  in  Recucil  ^es  Machines  et 
inventions  approuvees  par  TAcad.  Roy.  4es  Scienoes.  torn.  vii. 
WIPERS)  in  fome  kinds  oJF  machinery,  as  oil- mills,  powder* 
milk,  fiilUnj^miUs,  are  pieces j^rofefting  generally  froio  horizon- 
tal axles,  yot  the  purpofe  of  raifing  ftampers,  pounders,  qr 
lieavy  pifloos,  in  vertical  direftion^  and  Aen  leatving  them  to 
fall  by  their  own  weight. 
Wnte  tlie  wipers  are  only  feudl  cylihdei^  |>rDje£^tng  per- 


peniUcularly  horn  the  farface  of  the  holitoiita]  atibor  on  which 
thej  are  fixdd^  the  force  with  which  they  derate  the  reTpefkive 
ftampers  will  not  a£l  unifotmlr  during  the  whole  time  in  which « 
the/^are  rifing:  yet  a  uniformity  of  force  and  velocity  i«  gene* 
ta^y  a  defirable  thing  to  be  attained,  and  may  always  be  efreded 
hf  aifigning  a  pr(^[>er  form  to  the  wipers  and  communicatiog 
parts.  A  few  direAions  for  the  dctcrnHnatieft  of  nhe  due  ihape 
are  here  given,  for  the  ufe  of  the  mechsmic. 

Suppofe  that  in  fig.  15.  pi.  XXXIL  the  circle  defcribed  about 
the  centre  a  is  a  vertical  fe£bion  of  the  arbor  on  which  the 
wipers  are  pku^;  anii)  that  the  fine  S  a  fhews  the  diftance  of 
an  arm  of  one  of  the  Hampers  from  the  centre  a:  defcribe  with 
centre  a  and  radius  ^  ^  an  arc  bed  •. .  ifOn  which  fet  off  the 
equal  parts  bc^cd^dej  efj  &c.  as  fmall  as  can  conveniently  be 
done:  draw  the  radii  ac,  ad^  ae,  &c.  on  the  extremities  of 
which  ereSt  perpend  iculars^qual  to  the  refpefiive  arcs  ch^dh^ 
iby  &c  and  continue  them  until  the  laft  of  them  N  il  is  equal 
to  the  height  to  which  the  damper  is  to  be  elevated :  this  beiig 
done^draw  the  curve  N  b  through  the  extremities  of  the  feveral 
perpendiculars  to  the  radii,  it  will  form  an  involute  of  tbt 
circular  arc  b  k  (which  indeed  may  be  either  conftru^led  thusi  or 
in  Ac  ufual  way  at  once,  with  a  thread),  and  will  be  the  figure 
that  may  be  given  to  the  upper  furface  of  a  wiper,  when  it  is  to 
give  a  uniform  motion  to  the  rifing  ftamper.  For  as  all  the 
radii  of  curvature  of  N  i  are  tangents  to  the  circumference  oC 
the  generating  circle  b  i,  the  arm  M  ^  of  the  ftamper  can  never 
touch  the  wiper  in  more  than  one  point  (or  horizontal  line^ 
whofe  feftion  is  a  point).  When  it  is  the  point  ^,  Hot  example^ 
the  radius  a  d  ^ich  aafwers  to  die  tangent  ^  d  will  be  horizoA'Y 
tal;  of  confequence  id  will  be  perpendicular  to  the  horizon^ 
and  its  extremity  i  alone  will  tpuch  M^  Si/  at  the  fame  time 
will  be  the  height  to  which  tfa«  ftamper  will  be  raifed*  As 
the  fame  thing  will  obtain  at  all  the  points  where  the  arm  M  ( 
touches  the  wiper,  the  arm  of  the  lever  which  communicatee 
the  force  will  be  conftantly  the  fame^  that  is,  it  will  be,  equal  to 
«  b^  and  the  arm  of  tlie  Invet  at  which  the  refiftance  aiis  being 
always  equal  to  M  b,  it  follow  that  the  ftampers  will  be  raifed 
entirely  with  a  uniform  force,  and  la  a  direction  perpendicular 
to  the  horizon. 

To.  determine  the  pofition  of  the  feiat  if  or  the  magnitude  of 
the  2nrc  kb^  the  ^iftance  a  b  muft  be  known,  and  the  circurafer-* 
ence  ^  of  the  circle  fbuind  correiponding  to  tbia  radius:  then 
make  the  line  L  equal  to  the  heignt  to  which  the  ftamper  is  td 
be  raifedi  and  fay  aa  C  to  L» ib is  ^60^  to  the  degrees  and  parie 
in  the  arc  bi  dr  die  angle  bat:  draw  from  a  the  linei^^l,  mak-y 
hAg  with  ^4  ijic  angle  4I1UB  foond»  and  k  if  then  afcertaiitedt 
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Divide  thtf  Hiie  L  and  die  arc  bk  into  ^d  ^vh/y  evenmaahet  of 
fKitts,  fet  off  from  the  points  r,  d^  e,  &d.  of  the  arc  the  tangents 
in  arithmetical  progreffion,  and  equal  to  the  refpedive  parts  on 
the  tine  L  meaftited  from  one  6f  its  extremities;  »id  thus  the 
ourve  N  S  ^  will  be  traced  with  great  facility.  The  fliape  of 
the  wipers,  as  they  are  fixed  fingly  in  the  arbor^  wiU  aifo 
appear  from  the  fame  figure. 

In  the  figure  we  have  reprefented  only  one  flamper  and  one 
wiper:  but  it  often  happens  that  6f  8,  lo,  or  more  fta^ipers  are 
worked  by  wipers  projecting  from  one  horizontal  arbor:  in  this 
cafe  the  wipers  fliould  be  fo  diftributed  that  the  refinance 
arifing  from  ^11  the  ftampers  fhall  be  as  nearly  as  pofTible  a  eon* 
ftant  quantity :  to  cScGi  this,  let  all  the  flampers  be  placed  at 
equal  diflances  in  a  line  parallel  to  the  axle  or  arbor;  let  alfo  a 
fingle  fpiral  run  once  completely  round  from  one  end  of  the 
arbor  to  the  other,  and  let  the  wipers  be  at  equidiflant  poiitions 
on  this  fpirak  then  will  all  the  ftampers  be  raifed  and  permitted 
to  fall  at  equidiflant  intervals  duripg  every  rotation  of  the  arbor; 
Sometimes  aymall  rolfer  is  fixeji  to  the  extremity  of  the  arm 
M  i,  to  diminijh  the  friction ;  andwi»  this  cafe  a  curve  muft  be 
drawn  wMiin^N  3,  parallel  to  it,  and  at  a  diftance  equal  to  the 
radius  of  the  roller;  this  new  curve  exhibiting  the  fhape  and 
pofition  of  the  upper  face  of  the  wiper. 

In  fbme  machines  ftampers  or  piftons  are  raifed  by  giving  a 
proper  curvature  to  the  arm  M  3,  and  fixing  the  roller  upon 
the  extremity  of  a  bent  bar,  whofe  end  is  in  the  dire£tion  of  a 
radius  produced:  in  this  cafe  the  arm  muft  be  fhaped  into  part 
of  a  cycloid,  the  radius  of  whofe  generating  circle  is  equal  ta 
the  diftance  from  the  extremity  of  the  wiper  to  the  centre  ol 
the  arbor;  and  this  curve  muft  be  placed  at  the  outer  part  of 
4ke  rollers,  to  form  the  lower  face  of  the  arm. 

The  wiper  may  often  be  formed  with  great  propriety  like 
ilie  Archimedean  fpiral,  and  thus  raife  a  ftainper  with  a  uni**  • 
fidrm  motion.    To  thb  end  let  AH  (fig.  12.  pi.  XXXIL)  be  a 
wheel  put  into  motion  by  any  power  which  is  fufiicient  to  hiife 
the  weight  MN,  by  its  extremity  O,  from  O  to  #,  in  the  fame 
time  that  the  wheel  moves  round  one  fourth  of  its  circumfer-^ 
ence,  it  is  required  to  fix  upon  its  rim  a  wing  OBCDEH  which 
Ihall  produce  this  efFe£t  with  an  uniform  effort.    Divide  the 
quadrant  OH  into  any  number  of  equal  parto  Om^  vm^  &c.  * 
the  more  the  better  j  and  a>  itito  the  fame  number  (^hybc^c  i^ 
ftc.  and  through  the  points  m,  «,^,  H  <lraw  ^  indefinite  lines 
AB,  AC,  AD,  AE,  and  make  AB  equal  to  A3,  AC  to  A^:,  AD 
to  A  dy  and  A£  to  A  e\  then  througfh  the  points  O,  B,-  C,  D,  £» 
draw  the  curve  OBCDE,  which  is  a  portioa  of 'the  fpiral.  of 
Archimedes,  and.  wiU  be  the.  peoper  form  for  liie  irip^  jor  wi»ft 
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QHE.    It  18  evident  that  when  the  pomt  m  has  arrived  at  O, 
the  extremity  of  the  frame  Will  have  arrived  at  b^  becaufe  AB. 
h  equal  to  Kb\  and  for  the  fame  reafon,  when  the  points  n^p^ 
H»  have  fucceffively  arrived  at  O)  the  extremity  of  the  frame 
will  have  arrived  at  the  correfponding  points  r,  dj  e.    7  h& 
motion  therefore  will  be  uniform,  becaufe  the  fpace  defcribed; 
by  the  weight  is  proportional  to  the  fpace  defcribed  by  the 
moving  power,  O  h  being  to  O  r  as  O  w  to  O  «.    If  it  be  re- 
quired to  raiie  the  weight  MN  with  an  accelerated  or  retarded 
motion,  we  have  only  to  divide  the  line  O  e^  according  to  the 
law  of  acceleration  or  retardation,  and  divide  tlie  curve  OBCD£< 
^a  before.    It  is  fcarcely  neceflary  to  add,  that  the  vertical  bar 
between  N  and  M  muft  be  kept  from  lateral  deviations,  by. 
fiieing  made  either  to  run  between  rollers,  or  to  Aide  in  a  groove, 
*.  We  have  all  along  fuppofed  that  the  wheel  or  the  arbor  which 
canies  the  wipers  tucns  upon  a  horizontal  axis:  we  might, 
exhibit  methods  by  which  dampers,  %c.  could  be  raifed  uni- 
formly by  wheels  moving  at  right  angles  to  the  plane  in  which 
thefe  dampers  move;  but  fuch  methods  are  intricate  and  not, 
much  to  be  recommended,  as  they  may  always  be  avoided  by  a> 
fmall  addition  to  the  machinery,  or  fome  flight  modifications 
iil  its  general  didribution. 

"YARN,  in  general,  denotes   the    manufafture  of  wool,, 
hemp;  flax,  cotton,  &c.  converted  into  filaments  or  threads, 
which  are  fubfcrvient  to  a  variety  of  ufeful  purpofes. 

Formerly  all  yarn  was  fpun  or  twidcd  by  means  of  the, 
diftafF,  or  the  wheel  \  but  lately,  the  ingenuity  of  mechanics,  and 
the  powers  of  machinery,  have  been  called  in  aid  to  facilitate' 
that  operation.    In  June,  1787,  Meflirs.  John  Kendrew  and' 
Thomas  Ptrthoufe  obtained  a  patent  for  their  invention  of  a 
machine,   upon   new  principles,  defigned  to  fpin  yarn  from 
hemp,  tow,- flax,  or  wool. — As  this  privilege  is  now  expired, 
and  fuch  contrivance  promifes  to  be  v^ry  uieful  in  the  woollen 
as  well  as  other  manufactures,  we  (hall  fubjoin  an  account  of 
the  condrudion,  as  extra£led  from  the  fpecification  infer  ted  19 » 
the  Repertory  of  Arts  and  Manufactures. 

lilts  machine  may  be  worked  by  water,  or  as  a  horfe-milli  or, 
in  any  other  way,  and  is  made  and  ufed  in  the  following  manner : ' 
There  is  a  cylinder,  marked  A  in  the  drawing,  fig.  i.  plate', 
XXXVIL,  three  feet  diameter,  and  ten  inches  biroad,  made  of 
dry  wood  or  metal,  turned  true,  and  covered  on  its  circumfer-' 
ence  with  a  fmooth  leather,  upon  which  are  placed  the  rollers: 
marked  D,  covered  with  leathers  andifuppprted  in  their  fitua- 
tions  by  the  flits  in  the  covered  piece  of  wood  marked  K,  in 
which  the  iron  axes  of  the  rollers  turn,  but  fuflFers  them  to  prefs  / 
QB  the  whecioHurked  A.    Hierc  mud  be  another  piece  fixnHs^ 
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to  the  above,  to  fupport^ the  other  end  of  the  rollers*  Tbeio 
tDllers  arc  of  difFereiH  weights.  The  upper  roller  marked  DI 
is  two  ftone,  the  reft  decreafine  to  the  laft,  which  is  only  two 
pounds  weight  and  one  half.  There  is  an  iron  fluted  roller, 
marked  F,  furniflied  with  a  toothed  wheel  at  each  end>  and  a 
wood  one,  marked  G,  covered  with  cloth,  and  over  it  a  fmooth 
leather.  There  is  an  aflifting  roller,  marked  H,  of  fluted  iron* 
Thefe  rollers  are  fupported  by  the»r  axes,  turning  in  the  |lit^ 
marked  2,  of  the  piece  of  wood,  marked  M  (fig.  3.)>  which  is. 
here  feparated  from  the  end  of  the  frame  marked  8,  to  ihew  the 
rollers  and  wheelwork.  The  rollers  marked  G  and  F  are 
fqueezed  together  by  means  of  the  lever  marked  />,  and  its 
weight  marked  w  (fig.  3.)-  The  roller  marked  H  is  prefled  to 
the  mark  G  by  its  axis,  a^ing  upon  the  inclined  plane  marked  x 
(fig.  3.).  There  is  a  rubbing  roller  covered  with  woollen  cloth, 
and  on  its  axis  is  a  fmall  wheel,  marked  I,  driven  by  the  wheel 
marked  S.  Thia  roller  refts  upon  the  roller  marked  G,  and  by 
its  motion  prevents  any  dirt  or  fibres  from  adhering  to  it. 
There  is  a  cloth,  marked  N,  revolving  over  two  rollers  marked 
O,  O,  which  has  motion  eiven  to  it  from  the  wheel  marked  C,. 
by  means  of  another  wheel  marked  P.  This  cloth  moves  at  the 
fame  rate  as  the  furface  of  the  wheel  marked  A.  There  is  a 
fupporter,  marked  Y,  of  the  axis  of  the  wheels  marked  O,  P, 
but  is  rembved,  in  order  to  fliew  them  \  it  is  fixed  by  its  tenons 
in  the  mortifes  marked  Z,  Z.  The  roller  marked  13  is  kept  in 
aAion  by  its  endeavour  to  flip  down  the  inclined  plane  at  the 
lop  of  the  piece  marked  Y,  thereby  prefling  againft  the  revolving, 
cylinder;  and  another  piece,  fimilar  to  this,  muft  be  underftood, 
to  fupport  the  other  end  of  the  roller's  axis.  By  the  fide  of  this, 
revolving  cloth  is  a  table  placed,  of  the  fame  length  and  breadth 
as  the  cloth  is,  to  which  belong  two  fmooth  cloths  or  leathers,  of 
the  fame  fize  as  the  table.  The  machine  being  thus  prepared^ 
the  attendant  or  workman  muft  take  a  quantity  of  hemp,  tow, 
flax,  or  wool,  more  or  lefs,  according  to  the  fineneCs  of  the 
thread  to  be  made,  and  lay  or  ^read  it  ev^snly  upon  one  of  the. 
fmooth  cloths  on  the  table ;  then  place  It  qo  the  revolving  doth 
marked  N,  motion  heing  communicated  to  the  roller  marked  F 
by  wheel-work,  as  ufuaT;  Trom  a  water,  horfe,  or  other  kind  of 
mill,  M'hich  wheel-work  it  communicated  to  the  wheel  marked 
Q,  on  whofe  axis  Is  a  nut,  which  turns  the  wheel  marked  C} 
and  thereby  the  cylinder  marked  A  moves,  and  with  it  all  the 
rollers  \  by  which  motion  the  hemp,  tow,  flax,  or  wool,  is  drawn, 
forward.  The  cloth  turns  down,  but  die  hemp,  tow,  flax>  or 
wool,  go  upon  the  cylinder-marked.  A,  under  the  roller  marked 
B,  and  fo  forward  under  all  the  rollers  marked  D,  then  falls  in 
between  the  rollers  marked  G,F,  turns  undei  the  roUcr.markc^ 
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G,  and  over  tKe  roller  marked  H,  whicli>  as  It  gWes  the  rollers 
iiold  of  the  hemp^  tow,  flax,,  or  wool,  in  two  places,  enables  them 
to  draw  jPorward  the  long  fibres  thereof,  though  many  of  them 
arc  to  draw  from  under  die  marks  4  br  5  of  the  prefllng-rollersi 
marked  D^  it  then  falls  into  a  cannlReri  marked  R,  and  as  by 
tiie  wheel-work  th^  rbliers  marked  F,  G,  I^i  move  three  times 
fafter  tnan  the  cloth  and  cylinder,  the  (liver  muH  be  three  times 
longer  than  when  Drefented.     By  the  time  this  is  drawing,  the 
other  cloth  is  fillea  with  hemp,  tow,  flax,  or  wool,  as  before} 
and  laid  upon  the  revolving  roller,  laying  the  hemp,  tow,  flax^ 
or  wool,  over  the  end  of  the  other,  which  goes  forward  as  be- 
lore.  and  thus  a  continued  iliver  is  produced  as  lonff  as  the 
iSlachine  continues  its  motion.     But  in  order  that  this  fliver 
may  come  out  of  the  cannifter  marked  R,  without  entangle- 
ment(  it  mufl:  pafs  through  an  inftrument  marked  5  (fig.  3.), 
placed  over  the  rollers  marked  F,  G,  its  open  fide  marked  T* 
to  th«  cylinder  at  mark  4,  fupportfed  by  its  ends  marked  V* 
V,  in  the  flit  marxed  "VV,  of  the  before-d^cribed  pieces  marked 
K.     The  aperture  X  is  fo  fmall  as  to  prefs  the  fibres  clofe  to 
each  other  in  their  paflage  through  it  previous  to  their  pafling 
the  rollers,  by  whicfi  means  they  remain  prefled  fide  by  fide  in 
the  fliver,  and  will  not  entangle.     '^Thefe  thick  flivers  are  drawn 
fmaller  by  a  fimilar  procefs,  and  in  the  fame  manner  is  ufed  for 
cotton,  but  the  machines  for  drawing  are  all  of  the  fame  ftrufturc 
as  the  above,  except  that  they  have  no  revolving  cloth,     'the 
fliver  is  applied  to  the  cylinder  under  the  roller  marked  B, 
which  draws  it  forward  under  all  the  rollers,  as  before  de- 
scribed, drav^ing  it  out,  or  lengthening  it,  every  frefli  machine 
ttirough  which  it  preflcs,  till  it  be  fmall  enough  for  the  fpinning 
machine.     It  muft  be  remarked,  that  the  cylinders  are  made  left 
ih  diaineter,  according  to  the  diflerent  fmallnefs  of  the  fliver 
intended  to  be  drawn  upon  them  at  the  firft;  whilft  the  fliver 
is  at  its  great/sfl  thicknefs,  the  cylinder  is  required  to  be  three 
feet  diameter,  as  above  defcribed,  the  next  rather  lefs,  and  fo  on 
to  the  laft,  which  is  only  two  feet,  llie  aperture  of  the  bottom 
of  the  contradlor  belonging  to  each  machine  is  alfo  made  one 
third  part  fmaller  than  another  in  fucceflion,  from  the  greateft 
to  the  fmalleft  cylinder;  as  alfo  the  drawing  rollers  marked 
F,  G,  H,  are  furthcft  from  the  prefling-roUer  marked  D  in  the 
longed  cylinder,  and  neareft  at  the  fmaller  cylinder.     At  the 
largeft  cylinder  the  diftance  is  about   nine  inches,  and  the 
fmailcft  about  four  inches;  but  their  diftance  cannot  in  all 
cafes  be  fixed,  as  it  depends  on  the  different  length  of  the  flivers 
of  .the  hemp,  tow,  flax,  or  wool;  long  ones  requiring  the  di* 
ftances  mentioned,  and  (hort  ones  requiring  the  diilances  much 
ihorter  than  is  here  fpecified. 
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MACHINES. 


The  following  feveral  lettets  or  marks  are  in  the  machuif^ 
figured  2.    The  fpinning  machine,  as  to  its  drawing  principICi^ 
Is  the  fame  as  the  drawing  machine.    The  (livers  are  prcfented 
to  it  in  cannifters  marked  A,  and  drawn  over  a  cylinder  markejf 
B>  covered  with  rollers  marked  D.    The  fibres  which  are  to 
form  the  thread  are  drawn  from  the  cylinder  by  the  rollers 
marked  C,.  the  under  roller  of  which  is  made  of  fluted  iron,  the 
other  of  wood,  covered  with  leather;  they  move  fix  or  eight 
times  fafter  than  the  cylinder  marked  B^  are  enabled  to  draw  the 
hemp,  tow,  flax,  or  wool,  forward  from  under  the  preiEng-roUer^ 
marked  D,  by  being  fqueezed  together  with  the  weights  and 
crooks  matked  a^  a,  locked  to  the  fmall  part  of  the  rollers 
marked  C.    There  is  a  belt  of  fmooth  cloth*  marked  £,  moving 
on  two  rollers,  which  are  turned  by  the  wheel  marked  F,  on 
the  axis  of  the  fluted  roller;  at  the  oppofite  end  of  which,  as  at 
the  mark  G,  is  a  nut,  which  turns  tne  wheel  marked  H,  on 
whofe  axis  is  another  nut,  turning  the  wheel  marked  I,  and 
thereby  the  cylinder  marked  B,  with  all  its  rollers.    Thefe 
rollers  move  in  curved  pieces  of  wooden  metal,  marked  K> 
which,  to  prevent   confufion,  are  not  reprefented  in   their 
places:  they  have  flits  in  them,  in  which  the  rollers^  axes  are 
guided,  but  fo  deep  as  at  all  times  to  fufier  the  rollers  to  prefs 
Upon  the  cylinder.    Thefe  rollers  are  covered  with  cloth  and 
leather.  The  top  roller  is  about  ten  pounds  weight,  decreafing  to^ 
the  fixeh  roller^  which  is  only  about  one  pound  weight:  the  yam  is 
turned  by  the  fptndles  marlced  L,  and  rubbed  over  the  wet  cloth 
belt  if  fpinning  linen  yam,  but  i^  fpinning  worfted  yam  the  belt 
muft  be  removed,  that  it  may  not  touch  it  as  it  pafles  to  the 
fjpool,  which  it  coils  round  as  laft  as  the  rollers  let  it  out.    The 
fpindies  marked  L,  are  turned  by  a  bolt  from  the  wheel  marked 
M,  which  derives  its  motion  from  the  mill,  and  by  a  wheel  on 
its  axis  communicates  it  to  the  roller  under  the  mark  C  by  the 
wheel  marked  F,  and  fo  to  the  reft,  as  above  defcribed.    The 
hemp^  tow,  flax,  or  wool,  is  twined  in  the  fame  manner  as  cottoa 
is  by  mills. 


FINIS.     . 


•.  t  u 


INDEX. 


^The^gurf^  fefer  fq  Ihe  articles  ofjparagr(^n^ 


A 

Art. 

Air,  mechanical  properties  of,  484—490 
»-,  density  and  elasticity  of, ... .  489 
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Angular  accelerating  force, 30 

'  pendalum, 311 

Animal  force, 376 — 37^ 

A  relics  and  piers, J99 — 20$ 

Archivolt, • 199 

Aieomcter, 40 1 — 409 

A>*t  and  nature,  difference  bet\veeD,i7^ 

A3cent  of  bodies,* 040 — 045 

Atmosphere  homogeneous,. .  495 — 498 

iitmosp^erical  log^tbmic, 49S 

Attmc^ion,  centre  of,    .  • . ; 279 

V        /      >  capillary,  ....*.  426-^35 
■,  of  spheres,  &c.  ••*...  293 

'■■■  ■    ■   /-, univeml,  294 

Axioms, ..«•.....  21 — 27 

Axis  in  pcritrochio, I43 — 147 

>— —  hi  motion,, . , » aj67,  3*1,  367, 374 


B 


iBtelance.    See  Lever,  and  vol.  II. 
SnUistic peaduluffiy  •...(•#•••»• 


113 


Sanks,  on  comparative  stRVtgthof 

materials ••»-•..•••». ,,ig8 

,  on  velocity  of  air, ,  ^tj 

Barometer, , .,...  sfg^ 

Barometer,  altitudes  mteai:.  by,  502,BcC» 
Bcttancourt  on  steam,  vol.  IL 

Billiards, 3^^^ 

Block  of  apuUey, ,  t4J| 

Body,..  ...•..•....«....•.,«  ..^.^ 
— -,  hard,  soft,  and  elastic,  ....  yt^ 
Bpssut*s  experiments  on  discbarae 

of  fluids 45S— 146« 

i ,  on  resistance  of  water,.  • .  .^  559 

Brachystochrouon^ ,.  27IP 

Breabt-wbcels,  ;.••.•..,,..,  ^67,  &g» 

^Capillary  tubes, 42^~-*4'^ 

Catenarian  curye, •%...  xs$ 

Celerity, x$ 

Central  forces, 279 — 299 

Centie  of  attraction, , 27^ 

: gravity,  ......  ..102-^1*4 

'.  gyration,. .......  ao9«-3<» 

■  oscillation, 30,^-^3x1 

—  percussion, 3 17«.329 

pressure,  ........  391—393 

— : spontaneous  rotation^  . 

32a— 3ftt 

veUque,    noit,  42$ 

Centrifugal  force, .........•»»«•  s^a 

■  ■  piimp>  ••••*•  w5^7"»^5^ 


IND 

^\ 

Art. 
Ccntilpetst  forre,  ....«..•;.•...  179 

Centrobaryc  method, 125 

Circular  motion 282 — a88 . 

Clock,  prDblem  concerning  the 

junction  of  its  bunds,    • .  115 

ColUsioD,  ................  329--361 

Coroposaots,    . .  .^ 29 

Composition  of  forces, 28 — xoi 

*  of  motions,  .,••....  217 

Condorcet  on  resistance  of'water,  559 

. — r—  on  weight  and  gravity,  103 

Conservatio  virium  vivanim,  ....  341 

Cords, 193—198 

Coulumb  on  friction,  vol.  II. 

Crown  of  an  arch.. 199 

Cupola, *.• 209 

Cun^es,  descents  along, 263,&c. 

p          -,  of  swiftest  descent,. .  277,  £78 
Cycloid^..  ...••.. ••••.272 

D 

JO'Alcinbcrt's    principle   of  dy- 
namics,   167 

.         on  vaiied  motion,. .  • .  234 

Deflecting  force, 279 

De  Luc  on  altitudes  by  barom.  ..506 

Density lO,  2xr 

of  the  planets, 194 

Depth  of  impression, 330 

Desaguliers^s  hydrometer,    1 .... .  403 
Dcscontfi  occasioned  by  gravity, 

240—247 

Diminution  of  gravity, 287 

Direction,    . .  #. 16 

,  line  of' 106 

Discharge  of  fluids  through  orifices, 

438—457 

f ,  expr.  relutire  to,  457—466 

Divisi  bility, 4 

Domes,  . . . .  • 209 

iJyoainics,  .4. ...«•..•••. 2x0^389 

B 

fifVects  of  machines,  ......  363—380 

Kiflux  of  water,. 438.  &c. 

Klasttcity.  •.••......•.*..*.•..  3^9. 

Fievation  in  projectiles, 250 

Elliptical  motion, 290,  291 

£0iersoa  on  relative  strength  of 

materials, 190 

Sngltsh,  on  stability  of  canal  boats,  425 
Equator,  centrifugal  force  at, ... .  %'%$ 

Equilibrium, '9>  28 

of  dastii;  fluids,  491—^99 


EX. 

F,quiva1ent, . . » .'.^  «.••'.  .'i 29^ 

Expansions  of  mercury  and  ftir, . .  50)* 

Extrados, ; 199 

£y  telweiu,  on  hydraulic  s,   46} 


Flaflks  of  an  arch,.  • » 19^ 

Floatation,  plane  of,. A^t 

FloaUboards, 480 

Fluid, .....3,380' 

,  compressible  aiid  incom- 

pressiblCt 381 

Fly.   See  vol.  11. 

Force, I7»ax» 

,  accelerating,    224 

. ,  retarding, *H 

Forcing  pump, • •  5*1 

Friction.    See  vol.  II. 

Fulcrum,   'S* 

1    -,  pressure  upon,. .  133,  I40t  3^^ 
Funicular  polygon, '93— *9f 


Galileo,  on  falling  bodies, 246 

■        on  the  lever, 13* 

on  the  resist  of  solids,  i67,&c, 

Gjrard,on  the  distinction  between 

the  operations  of  nature  and  art,i73 
Oravimeter.    See  vol.  II. 

Gravity, 102, 106, 237,  240 

— — •,  its  pivper  measure, 24* 

,  centre  of, 102—124 

,  diminution  of,  ....•••••  •  287 

,  specific, 383,  396—410 

jtabieof, 4X# 

Gunpowder,  force  of,  vol  II. 
Gyration^  centre  of,  ••..,.••  309,&c 


Ralley,  on  altitudes  by  barom 49f 

Hammer,  stroke  of, ,,.'..  t .  354 

Hands  of  adock, *4J 

Height  due  to  a  velocity,  .....••.  244 

Homogeneous  bodies, lou 

-» atmosphere,  ......495 

Horse,  strength  of,    378 

Hunter,  Mr.  bis  screw, 161 

Hutton,  on  altitudes  by  barom.  . .  508 

-, ,on  practical  gunnery, » 5^— 257 

— ,on  resistance  of  fluids,i55— 55? 

HydrauUc«,».t...M  ••»•••  ••'*••*• 


IND 

Art, 

Hydrometer, v**«*  4^1—4^9 

Pytbt>dynaiiiic«, 436—4^3 

liydTDitttlicai  paradox,   . , 3S7 

]9y4i08tatic«,   ^^^-A^S 

^matenality    of   the   Supreme 

Bern;, iS 

|nr»pactobI.qn»,    360-36A 

Impelled  point • 365 

Inipetai,    ajo 

Impost  of  au  ariU, 199 

lo^rtta, J,  iS 

yi_  ■■■■    , ctinti e  of, . • 108 

locliae^  plane, 152—157 

■  motion  along,. .  25^,  a6o,  167^ 

3*5,3691371 
l^teadot^ •, ...  199 

^o'mts  of  fracture, • .  • 199 

Juan,  Don^  on  percussion. . . .  330,  lac. 

l^eTstone  of  an  arch,    ••••1^9 

fjB!9ts  of  motion, it— o^ 

JLover,   ..•..131-144,366 

»■    I  ■»  angvUr, 140,  cor. 7. 

-t — ri.t»eavy,.. ....,.,...  ..^3^,  136 

l.ifling-piimp.  •  • 526 

^ne  of  direction, •...•  zo6 

■  I  ■'    of  support,   ...., ••..41X 

Logarithmic,  atmospherical,  ....  498 

Machines, 12^ 

'• ,  maximum,  effects  of 

363-380 
IMachinery,  Bitpplification  of,  vol.  II. 

^an,  strength  of, 378 

Masii, 1 9,  21 1 

jVIaterials;  strength  of, 167- 194 

>iatter, a 

pleasure  of  the  force  of  gravity, . .  242 

Mechanics,    z 

laiehanicat  powers,^* • .  ,zz6— 166 

VOL.  I. 


E  X.  54J 

AfMf 
Metacentre,  ..'.••...••'••••.'.•.  411 
Mobility * ••.••^•,...1 

Moment,  or  momentum,    . .  • « 3 1«  a  i> 

IViomeotuui  of  impulse,    36/ 

» Wf  inertia, , .  30a 

MatSon,  ; ...^..ii    ^ 

-.——,  absolute  and  relative,..  ia,2if 

.         ,  uniform,  Sec.   • 2115 

,  laws  of,. . . .  /.' a  J,  27 

Maffle,  « 14< 

ft 

Nature  and  art,  difierenee  between,!  73 

Newton  on  the  lever,   140 

— —  on  resistance  of  fluids,  ....541 

Newtonian  axioms, »i— 47 

Ntcbol^n*s  hydrometer,  ,< ..... .  40# 

O 

Oblique  impact, 360—369 

Orbit,.\ a79 

Orifice,  discharge  of  water  tbrouxh, 

438-45T 

Oscillation,  centre  of, 305—30$ 

* ,  of  pcndiUums,. .......  a6S 

■ — ,  of  vessels, 423, 424 

Ovcrshot-wheels, , .  4671  ^^^^ 

P 

Papin,  on  motion  of  air  into  a 

vacuum,... «... ••..••5lt 

Paradox,  hydrostatic, 387 

Parallelogram  of  forces, . . , 42 

Parrieux*s  areometer, 405 

Pendulum,  angular* •  •  311 

^ ,  ballistic « 3x3 

,  compound,  .  • %o% 

.  ■      ,  conioal,    288 

, ,  cycloidal,    .......  273"-*  76 

,  simple, a68— 27a 

Percussion,  centre  of, ..... .  3 z  7— 320 

,  theory  of, 329-36* 

Periodic  time,    iSo 

of  planet  depends  on 

its  mean  distance  solely, 291 

Perpetual  screw,   z6o 

Piers  and  arches, 199—203 

Pinion  and  tooth, .« 14^ 

Piston,   5*4 

pivots,  pressure  upon, «45 

Place,  absolute  and  relative, 7 

Plane,  Inclined,. ^«  ii*-i57 


#*6  I  tj  E( 

Art. 
Plane,  motion  along,  . .  a^J,  j6o,  267, 

FlgnMs,  dotible  motion  of,    ......  327 

Pneumatics, ,.,....,  484—560 

Pulyspactoii, ,, 148 

|*osi  W»ri,  centiti  of, • .  ic^ 

Power, , i...i7 

Pressure,  centre  of, 39 1—393 

■'       of  non-elastic     fluids, 

384-395^ 
Projectile  force,    « 279 

Projectiles, ^ . . . .  148—257 

Pulley, ,..,.  ,,..  148-151 

/motion  of,     ..  ..267,311,372 

Pomps,  thegry  of, j .  52^^-535 

2 

•uantily  of  matter.    See  Mass. 

■  of  motion,    211,913 

R 

"Uadii  of  small  cylinders,  to  esti- 
mate,   note,  408 

RadUis  VL'Ct'jr, 279 

Eandom,  or  ranjie,    250 

Rarity,  or  mi'cness, ". 211 

Reduction  of  forces,    •  •  •  55 

Resistenco  of  solids, 167 

of  fluids, 539—5^0 

Resolution  offerees, 20—101 

of  motions,   ..217 

Resultant,    29 

Retardation, • 540 

Ricochet  firing, 254 

Robiii»*s  experiments  on  the  re- 
sistance of  fluids, 55 d-'J 54 

Robison,  on  altitudes  by  barom. . .  505 

I  on  domes, 209 

" on  relative  strength* 190 

Rotation,  sfxtntaneous, 322 

— ,  centre  of, .  • 322—326 

Rotatory  motion, 300—328 

Roy,  on  expansion  of  mercury,  5cc.  503 

S 

Siiline;  of  ships, 549 

SriTW,   158— i6x 

Ships,  stability  of,     41X 

,  oscillations  of, 425 

Sluckbnrgh,  on  alt  by  barom.  . .  507 
Snieaton,  on  water-wheels  . .  477-483 
— — ; — ,  on  uindmills, ,  vol.  XL 


Art. 

Soll4, v.'i 

itolids,  ^aual  in  e(}ual  \\s^^^. . . : . .  i^ 

^ace,  aosolute,. j 

— — ,  initiaf, 2*0 

,  relative, . ,  , :*5 

Span  of  an  arch,    199 

Spandrils, 199 

Specific  gravity, 383,  396-410 

Spouting  ^uids,.  •  • . .  • 454-*4if 

Spring  of  an  arch, . . .  i 199 

i§tability  of  vessels, 41 1— 42  c 

,  indifferent,  "^  " 

,  negative,     V  •  •  «\  • .  41 2,  41  f  ~ 

,  positive,     3  ' 

Statics,    2X— 20^ 

Steam,  its  effects,  vol.  II. 

Steelyard, 137.'  13? 

Strain,    168 

Strength  a{id  stress, ........  167—192 

Sucicing-pump, 51^ 

Symmetrical  bodies,  .,...•• 107 

T 

Tautgcbrones 276 

Teeth  of  wlieels,  the  best  forms  of,   147 

Tension  of  a  cord, T93 

Time,  absolute  and  relative,  ......  14 

Time  in  which  the  planets  would 

fall  to  the  sun, 29a 

Tooth  and  pin)on-work,   Ufi 

Trajectory,    279 

Tubes,  capillary, 426—435 

—  to  measure  their  diamet.  no/0,426 

U 

Vndershot- wheels, 467,^0. 

Uniformly  varied  motion,  . .  224—230 
Unit  of  time, 14 

Variable  motion, i3i-'239 

Velique  centre,.  ...........  noie,  4%$ 

Velocity, ....; 1 15 

,  accelerated,  or  retarded,    15 

' ,  virtual, .•m>/e,^i3P 

,  angular,   279 

'■ —  due  to  a  height,    244 

Vena  contracta ,    .....' 440,  ^5  7 

Venturi  on  motion  of  fluids, 46^ 

Vertical  projectiles,  .  • . . « 24^ 

Vessels',  stability  of, ^it 

,  o&cillations  of^. ........ .  4»<^ 


INDEX. 


547 


Art.. 
Vibsatiog  cone,*  r  .•.•»•.••••••«.»  311 

Vibration  of  peoduluins,  ........  %6% 

Vince,  on  motion  of  fluids, 465 

9      ,  on  friction.    See  tuI.  II. 

Virtual  velocities, note,  130 

Voittsoirs,  ••... ••••••,•..  199 


W 


Ari. 

Weight, • 104 

Wheel  and  axle, ..  143-147,  367,  37* 
-»,  pressure  upon, 145,  321 


V/Mrling  motion  of  fluids, 

Windmiil-sails 547 

,  Smeaton  on.  Seevol.lI. 
Working  poin^  • .  •  • • 365 


Water-wheelf , ....••  467—476 

-, Smeaton  0D>  477-483 


mfmJm^- 


^* 


Wedge, 162-^x66 


Young,  Dr.  M.  on  llie  notion  of 
'  fluids,. •• .. 464 


15. 
»•» 

57, 

407, 
S54« 

3H1 


ERRATA.  

toe 
J  7  Jrom  loUom»  Jor  o  rwd  O. 

9,  ybr  magnitude  r^flrf  m^gnito^et. 

17  and  i^from  bottom,  for  ?r  readPf'. 

l6f  for  into  readiiu 

4/ 

14  /"ow  bottom,  for  sin.  r=s-~  rrtdsin.  r=-^. 

t«  /h>m  A)Waj»,  fhr  HG,  CG,  r«id  HG"'  ICT', 

4  yrom  Jbottom,  for  fii  read  IJ9. 

4  yhmt  2>otlomy  ^  he  angle  r«a</ of  t^  fngVe. 

15,  forviffs  o  ftad  angle  O. 

*  *  * 

9     yivmfot^iiiy  for  %x  readxx. 


z  from  bottom,  >/  X'  +Y»  read  1/  X«  +  Y', 
14,  for  has  rvorf  hate. 

8  from  botU^  far  t  read  X  . 
II  yrom  botioTfiy  for  230  rem!  a^lB. 
^4,  >r  fig.  6  re«d  fig.  5, 

I,  ybr  P  f««l  O. 
%o,  for  fk%.  4  read  £§.  14. 
X  I,  for  a  work  rauf  in  a  woric* 

hotiom  line,  for  W  sio.  E  read  W  sin.  B. 


Printed  by  T.  Uaviaoo»  Whitefriars. 


I 


430445 


